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PREFACE 


The proceedings of the NASA Symposium - Recent Advances in Structures for 
Hypersonic Flight held at Langley Research Center on September 6-8, 1978, are 
reported in this NASA Conference Proceedings . The papers at this Symposium 
were presented by 24 speakers representing airframe, missile, and engine manu- 
facturers, the U.S. Air Force, and two NASA Research Centers. 

The Symposium was. organized in six sessions as follows: 

I . Overviews 

II. Engine Structures 

III. Cooled Airframe Structures 

IV. Hot Structures and TPS 

V. Tankage and Insulation 

VI. Analysis Methods 

Papers and the authors thereof are grouped by session and identified in 
the CONTENTS. The order of papers is the actual order of speaker appearance 
at the Symposium. 

The papers contained in this compilation were submitted as camera-ready 
copy and have been edited only for clarity and format. Technical contents and 
views expressed are the responsibility and opinions of the individual authors. 
The size of the compilation necessitated publication in two parts (Parts I and 
II). A list of attendees, by organizational affiliation, is included at the 
back of Part II. 

We would like to express appreciation to session chairmen and speakers 
whose efforts contributed to the technical excellence of the Symposium. 

Certain commercial materials are identified in this paper in order to 
specify adequately which materials were investigated in the research effort. 

In no case does such identification imply recommendation or endorsement of the 
product by NASA, nor does it imply that the materials are necessarily the only 
ones or the best ones available for the purpose. In many cases equivalent 
materials are available and would probably produce equivalent results. 


S . C . Dixon 
Symposium Chairman 


C. P. Shore 
Symposium Coordinator 
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HYPERSONIC WING TEST STRUCTURE WITH HEAT SHIELDS 
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calculated stresses at the flats are not centered between the stresses at adjacent beads, as they 
for the measured stresses. An error in the method for applying loads to the finite element model; 
has been detected, and agreement between test data and theory may improve when this error is com 
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MEASURED SPANWISE STRESS FOR TUBULAR PANELS IN HWTS 
AT ROOM TEMPERATURE (PRELIMINARY) 
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COMPRESSION-SHEAR INTERACTION FOR RENE 41 TUBULAR PANELS IN HWTS 
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COMPRESSION- SHEAR INTERACTION 
FOR RENE 41 TUBULAR PANELS IN HWTS 



Figure 17 
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EFFICIENT CONCEPTS IDENTIFIED 



ANALYZE AND COMPARE WITH TEST DATA 
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For the HYTAM, slip cast fused silica appears to be the most promising radome material; how- 
ever, during the coming year we plan to investigate the limits of several silicon nitride materials 


FLIGHT LIMIT A TIONS OF RADOME MA TERIALS 

(BASED ON AERODYNAMIC HEATING EFFECTS) 
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CRITICAL TEMPERATURE REGIONS OF SCRAMJET INLET 
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LEADING EDGE TEST RESULTS 
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HYTAM FRONT END AND DUCT CROSS SECTION 
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SUMMARY OF CANDIDATE MATERIALS 
(Figure 11) 
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ing 40 seconds of Mach 6 cruise. Other features that were selected included the integral propellant 
tanks, superplastic forming/dif fusion bonding (SPF/DB) truss core sandwich for TPS, and wing and tail 
skins. 
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SELECTED VEHICLE CHARACTERISTICS 







X 


1 
















QJ 


rH 




CO 











1 

> 


cd 




•H 



QJ 






X 

o 

o 

rH 


£ 


o 


PP 



X 

r — i 





£ 

u 

£ 

o 


cd 


4-1 


4-1 

aj 

£ 

4-1 

cd 





cd 


ex 

> 





QJ 


£ 

0) 


£ 






X 


QJ 

rH 

Ph 


QJ 

PP 


O 

PP 

O 

O 





qj 

QJ 

r\ 


cd 

£ 


i — 1 

4-1 

£ 

£ 

4-1 

4-1 

•rH 





N 

§ 

co 

PP 

£ 

O 


X 


QJ 


£ 


4-1 




CQ 

•H 

£ 

£ 

a 

0 

4-1 


•rH 

QJ 

> 

4-> 

£ 

£ 

CJ 





CO 

o 

cd 

•H 

4-1 

a 


CO 

CO 

QJ 

cd 

44 

cd 

OJ 

nJ 



00 


4-1 

QJ 

X 

CJ 

QJ 


CO 

£ 

£ 

X 


rH 

£ 

o 



£ 

qj 

£ 

00 

£ 

0 

•n 


O 


O 

2 

CO 

•H 

•H 

£ 



•rH 

i — 1 

QJ 



S-l 

cd 


ex 

O 

PC 

QJ 

cd 

£ 

X 



4-» 

a 

ex 

00 

4-1 

4-1 

£ 



4-1 


£ 

£ 

•H 





o 

•H 


£ 

P, 

CO 

4-1 


QJ 



o 


CO 

0) 

vO 



aj 

PP 

0 

•rH 

0) 




X 

00 

• 

CO 

X 


X 

m 



i — i 

Q> 

QJ 

X 

u 

X 

£ 



£ 

X 


£ 

CO 

•H 

• 



aj 

> 

PP 

0 

£ 

£ 

O 


X 

•H 

a) 

£ 

cd 

•H 

> 




CO 


4-1 

cd 

O 

cd 

44 


rH 

£ 

4-> 

OO 



O 

II 




X 


rH 

o 




£ 

£ 

cd 

•rH 

r 

4-1 

£ 




£ 

aj 

0) 




X 


O 

•rH 

£ 

CO 

X 

ex 

ex 

u 


o 

£ 

£ 

#s 

QJ 

S-I 

aj 


£ 

4-1 

•H 

QJ 

QJ 

OJ 


pp 



44 

•H 

QJ 

QJ 

X 

QJ 

£ 



£ 

£ 

X 

ex 

a 

o 





CO 

£ 

00 

4-1 

4-1 

*H 


4-1 

O 

•H 


o 

£ 

4-1 

PP 



CO 

QJ 


cd 


4-1 

4-4 


•rH 

a 

rH 

o 

T 1 

o 


4-J 



•rH 

X 

CO 

i— I 

S-i 

0 

QJ 




a) 

M 

QJ 

a 

CO 

ex 



CO 


0 

QJ 

O 

i — 1 

X 


QJ 

rH 


H 

P> 


rH 

QJ 



cd 

0) 

O 

CO 

4-4 

44 



£ 

P Q 

OJ 

>* 

QJ 

QJ 

•H 

X 



PP 

4=: 

•H 

£ 



aj 


QJ 


X 

Pd 

X 

PP 

cd 





4-1 

4J 

44 

X 


£ 


X 





H 

4-1 

X 



QJ 


cd 


QJ 

CO 

QJ 


s 

• 

X 

QJ 

£ 



4-J 



p£ 

a) 

£ 


£ 

X 

S 

• 


QJ 

rH 

X 

QJ 


i — 1 

•rH 



4-1 

p> 

QJ 

CO 

•H 

cd 


CO 

4-1 

rH 

£ 

4-1 

QJ 

• 

cd 

£ 




•H 

4J 

QJ 

4-4 

o 

CO 

£ 

ex 

O 

O 


X 

rH 

CJ 




CO 

£ 

•H 

CJ 

QJ 

i — i 

QJ 

o 

QJ 

*H 

a 

QJ 


X 

•H 

0) 



cd 

a) 


cd 

X 


CJ 

•H 

a 

X 


X 

CO 

£ 

41 

rH 




X) 

QJ 

4-4 


rH 

£ 

CO 

CJ 

QJ 

o 

cd 

cd 

4-1 

£ 

£ 



X 


CJ 

£ 

QJ 

cd 

QJ 

CO 

cd 

> 

OH 

£ 

PP 

CO 

0) 

X 



0) 

o 

0 

0 

£ 

£ 

0 

•rH 



m 




> 

g 



> 

4-1 

cd 

CO 

QJ 

S-i 

cr 

£ 

o 

X 

I 

X 

£ 

QJ 


£ 



£ 


i— i 


£ 

QJ 

0) 


4J 

a 

PQ 

0 

O 

PP 

X 




0) 

X) 

cd 

rH 


4-1 

CO 

QJ 


£ 


cd 

•H 

4-1 

QJ 

4-J 



CO 

QJ 

XL 

o 

CO 

X 


CO 

X 

£ 

cd 


4-1 


rH 

0) 




§ 


u 

£ 

QJ 

QJ 

•H 

QJ 

cd 


•* 

•H 

44 

rH 




CO 

5-4 

X 

4-1 

O 


00 

£ 

£ 

i — 1 

00 

4—1 

£ 

O 

cd 

§ 


/—s 

qj 

O 

0 

£ 

•H 

4J 

cd 

£ 

QJ 


£ 

X 

•H 


41 

cd 

• 

LTl 

rH 

44 

cd 

O 

4-1 

£ 

CO 

CJ 

pP 

cd 

■H 

00 

44 

QJ 

CO 

£ 

0) 


u 

£ 


a 

0 

QJ 

0 


X 


Ph 

•H 

■QJ 

(0 

£ 

a 

00 

Q) 

•H 

qj 

4-1 


X 

£ 


4-1 

cd 

co 

44 

QJ 

X 

cd 

•H 

CO 

cd 

u 

pP 

ex 

PP 

X 

•H 

QJ 

X 

QJ 


cd 

•H 

£ 


PP 


1 

rH 

0 

CD 


oo 

£ 

£ 

< — l 

•H 


QJ 


X 


U 

ex 

ex 

£ 

OJ 

00 

> 

qj 

•H 

cd 

4-1 

ex 

0 

£ 

£ 

O 

o 

pp 

ex 


•H 

0 

CO 

•rH 


£ 

QJ 


CO 

£ 

rH 

cd 

0) 

OH 

£ 

CJ 

QJ 

£ 

4-1 

O 

£ 

ptH 

0) 

a) 

S 

00 

•H 

•H 

44 

£ 

S 

in 


£ 

a 

00 


44 

44 


41 

£ 


£ 

X 



a 


i 

44 

£ 

£ 

•H 

OO 




Cd 





O 

QJ 

CO 

CO 

PQ 

O 

cd 

o 

CO 

£ 

< 

aj 


£ 

CO 

£ 

4-1 

CO 

4-1 

rH 


4-1 



rH 

o 

QJ 

•rH 


X 


cd 

£ 

cd 

44 

CO 


X 

X 

£ 

QJ 

4J 



X 

15 


4-J 


CX 

o 

0 

•H 

cd 

co 

cd 

£ 

QJ 

X 

CO 

cd 

cd 



• 



OJ 

•H 

•H 

rH 

£ 

CO 

X 

cd 

£ 

4-1 

0 



i — i 

PP 

QJ 

44 


CO 

4-1 

e 



QJ 

£ 


QJ 


u 

£ 

•» 

cd 

4-J 

00 

Oi 



cd 

•H 

QJ 

X 

o 

QJ 

#\ 

£ 

44 


O 

CO 

'£ 

•H 




<r 

4-1 

i — 1 

PP 

aj 

o 

ex 

X 

•H 

O 

PP 

44 

£ 

4J 

£ 

cd 

rH 


CM 

£ 

QJ 

4-1 

rH 

£ 

X 

a 

£ 


00 


O 

ex 


£ 

4-J 



ex 

£ 


•H 

ex 

QJ 

cd 

cr 

£ 

•H 

4-1 

•H 

QJ 

4-1 


•H 


4-4 

g 

(X 

44 

cd 



E 

QJ 

O 


•H 

4-> 

O 

£ 

X 

s 


o 

o 


O 

4-1 

4J 

pH 


£ 

•H 


£ 

a 

£ 

X 

V 

QJ 



o 

i — 1 


QJ 

£ 

£ 

£ 


■U 

QJ 

•H 

•H 

O 


cd 

£ 


CO 


cd 

QJ 

Q 

QJ 

cd 

0 

QJ 

cd 

,£ 

i — 1 

£ 

CJ 


E 

4-J 


0J 

00 

£ 

M 


£ 

rH 

£ 

i — 1 

£ 

4J 


4-1 


0 


X 


•H 

0 

QJ 

•H 


ex 

i — 1 

•H 

O 

•H 


00 

CO 

(U 

O 

QJ 

QJ 


X 

•rH 

> 

CO 

• 

o 

*H 

X 

•H 

£ 



QJ 

PP 

•H 

£ 



£ 

N 

QJ 


CO 

T 1 

<J 

cd 

PP 

■H 

QJ 


£ 

4-1 

4-J 


4-J 


4-1 

•H 

CO 

X 

£ 

QJ 

£ 

£ 

QJ 

rH 

i — 1 

o 



cd 

4) 

44 


-CO 

CO 


£ 

QJ 

> 

cd 


> 

QJ 

a 

m 

QJ 

00 

£ 

£ 

cd 





cd 

4-1 

0) 


r. 



•H 

co 

CO 

£ 

£ 

a) 

, 


QJ 




CO 

X 

X 

QJ 

a 

QJ 

X 

r> 

QJ 

•H 

00 


£ 


X 

• 

• 

4-1 

pH 


£ 

CO 

•H 

X 

QJ 

m 

PP 

£ 

•H 

a) 

QJ 


cd 

0 

CO 

£ 

CO 

£ 

cd 

•H 

CO 

4-1 

> 

CM 

4J 

£ 

44 

X 

15 


£ 

o 

4J 

QJ 

X 

O 


£ 

cd 





X 

£ 

4-J 

O 


u 

•H 

0 

£ 

0 

•H 

4-1 

£ 

X 

CO 

PP 

cd 

PP 


O 


rH 



4-1 

0J 

QJ 

CO 

4-1 

£ 

O 


cd 

CJ 


4-1 

X 

a 

4-J 



0) 

cd 

g 

00 


cd 

cd 


o 


£ 

co 

■H 

QJ 


0 

a) 


X 

£ 

0) 

£ 

X 

s-l 

rH 

4—1 

I — 1 

PP 

£ 

aj 

£ 

•H 

v£> 

O 

X 


4-1 

£ 

£ 

cd 

£ 

0 

i — I 

QJ 


o 

cd 

CO 


X 

i — i 

X 

4-J 



00 

■H 

£ 

cd 

00 

QJ 


rH 

£ 

r — 1 

o 

£ 

£ 

h£ 

00 



4-4 

■H 


£ 


•H 

ex 

O 

cd 

CO 


ex 

QJ 

4-1 


0 

4-J 


o 

44 

a* 

cd 

** 

44 

o 

o 

•H 


cd 

£ 

> 

CO 

X 

o 

cd 



0 

QJ 


CO 

£ 

£ 

£ 

4-1 

r 


•H 

[X] 


QJ 

£ 



CO 

O 

£ 

QJ 

p*: 

O 

PH 


•rH 

CO 

CO 



X 

4-J 

X 

X 


4J 

O 


pP 

£ 

CJ 


QJ 

£ 

4-1 

cd 

£ 


£ 

cd 

4-J 

QJ 


i — 1 


o 

4-1 

cd 



X 

•H 

CO 


O 

• 

cd 

£ 


rH 


£ 

4-1 

•H 


4-J 

CO 

• 

4J 


O 

co 

•rH 

4-J 


QJ 

PH rH 


CO 

0 

£ 

QJ 


•H 

CO 


QJ 

o 

o 

-U 

rH 

X 

£ 

4-» 

Cd 


0) 

•H 

4-1 

N 

4-1 

pP 

QJ 

44 

PP 


o 

U 

£ 

QJ 

CD 

•rH 

■U 


c£ 

O 

QJ 

•H 

0 

4J 

CO 

O 

H 

QJ 

1 

•H 

a 

CH 

to 

rH 

CO 



ex 


& 

cd 


pH 



a 

PQ 

£ 

•H 

pH 

1 


£ 



qj 


•H 

i — 1 

£ 

rH 

CO 


£ 

OH 

4-1 

44 

rH 

< 

*0 




CO 

rH 

4-1 

rH 

o 

cd 

•H 


X 

m 

CO 

44 

cd 

CO 

cd 




cd 

o 

ex 

QJ 

£ 

£ 

CO 


QJ 

I 

QJ 

•H 

£ 

C 

4-J 

QJ 



X 

> 

o 

a 

44 

cd 

rH 


£ 

PQ 

£ 

X 

cd 

E 

CO 

X 


610 



SELECTED VEHICLE CHARACTERISTICS 


>.y- 

V $ 


CO 


on 


Lf\ 


CD 


o 


c 

oc 

Q_ 


O' 

O' 

on 

I 

X 


CD 


x 

cd 

o 

q; 


on 

O 

O 

co 


X 

<c 


O' 

O' 

QC 
I 

X 


X 

I 

Z 

o 

LU 

on 


on 

CD 


i 

on 


o — 

CNJ 


X 

CD 

O 

on 


on 

O 

O 

co 


O 

on 

o 


CD «=- 

i= 

R 2 

OO Q_ 

irT => 

CNI 


O X 

Hj 5 


o 


O' 

O' 

i 

on 


2 <c x 


x 

c 


o 

z 

N 

on 

x 

c 


cd 


o 

o 

DC 


on 

ZD 

on 

cd 


o_ 

o 

oc; 

Q_ 


on 

O 

o 

co 


on 

o 

cd 

UJ 

on 


co 

Q. 

CD 

CD 

CD 

rH 

5 P's 

O' 

p-— 

it 

cr 


oo CD 

o — 

o on 

I LU 7 

QQ CD o 

CNJ — 

un LU on 

on on 


i 

CO 


ZD 

<C 


o *=- 

ZD LU 

on °° 

51 

. O 


s x 

Qi O 
b| d O 
t QC 


O 

o; 

O 

\— 

cd 

<c 


CD 

c 

o 


c 

oc 


o 

ZD 

on 

i — 

on 


X 

< 


co 

oo — 1 


CD 

CD 

ixs 

on 


CP 


i'- 

oo 

Lf\ 


CD 


CD 

< 

O 

i 

X 

< 

o_ 


CNJ 

CNJ 


E 


o 


on 


ss 


5 ^ 

a; “~ 


o 


o 

LIN 

CNJ 


cn 

r— 


CD 

< 

OC 

CD 

vO 


on 
*cr 
O q*n 


CNI 


CD 

o<n 


on ZZ 

z 

^ oo 
> 

O ^ 

OC 

CL. 


O LU 

< 5 

° ^ 

i <c 

X on 

C CD 

o_ on 


on 

x 


CNJ 


~ < 


Q_ 

O 

DC 

Q_ 


C 

on 

CD 


611 


I 


SPF/DB TITANIUM TRUSS CORE SANDWICH: TPS, WING AND TAIL SKINS 


GENERAL ARRANGEMENT 




44 









44 




i — 1 






£ 









P 




cd 






0) 









00 




£ 






£ 



oo 



£ 


Td 

£ 




o 






(U 



cd 


0 

P 

p 

£ 

O 

00 



•rl 






00 

£ 

00 

£ 


P 


u 

cd 

CO 

£ 

CU 


44 

1 

a 




£ 

o 

£ 

Td 


P 


p 



•rH 

P 


CJ 

£ 

p 




cd 

£ 

•H 

1 



• 

p 

* 

CO 

i — 1 

44 


<U 

P 

£ 




u 

4-4 

P 

44 


Q) 

CO 

£ 

Td 

cd 

•rH 



£ 


O 




u 


4-» 

44 


N 

CO 


a) 

S 

cd 

<44 


•rH 

<U 

CO 




cd 

’Td 

cd 

P 


P 

cu 

r> 

N 


£ 

O 


Td 

0 

£ 





0) 

0) 

P 


£ 

£ 

44 

•H 

cd 

44 




o 

cd 





> 

£ 



P 

£ 

£ 

P 

cu 


cd 


CU 

o 

£ 




Td 

1 — 1 

p 

#\ 


£ 

CU 

cu 

cd 

£ 

44 

<u 


Td 

CU 

44 




o 

o 

>4 

OO 


•rH 

Td 

CJ 

CU 

cd 

£ 

£ 


•rH 

p 





x 

> 

•H 

£ 


£ 

£ 

£ 

£ 


£ 

cd 


> 


(U 




i 

<u 

cd 

P 



(U 

a) 


CU 

l — 1 



0 

p 

p 




00 



Td 


o 

p 

p 

CO 

CO 

P 

<u 


£ 

p 

14 




£ 

Td 

cu 

£ 


44 

CO 


cd 

cd 


CO 


P 

cd 





•H 

£ 

P 

cd 




vD 

£ 

p 

00 

cd 



44 

Td 




£ 

cd 

44 

i— i 


0) 

>s 

1 — [ 



£ 

p 


0 


£ 









Td 

Td 


cd 

£ 

•H 



44 

p 

£ 






CU 

Td 


cd 

o 

Td 

a) 

p 

£ 

cu 



cd 

O 




r—l 

£ 

CO 

a) 


£ 

p 

cu 

£ 



P 


£ 

a 

£ 




P 

O 

cd 

cu 



£ 

CO 

cd 

£ 

CU 

44 


0 

•H 

cd 




T 

•H 

0) 

p 


cu 

<u 

cd 


o 

p 



•rH 

44 





o 

4-J 

>4 

CO 


£ 

44 

cu 

£ 

•rH 

44 

P 


44 

£ 

£ 




<r 

cd 

CJ 

1 


0) 

p 

£ 

£ 

44 


44 


£ 

CU 

00 




OJ 

£ 

CU 



£ 

cd 

CJ 

£ 

CJ 

00 

£ 


i — 1 

> 

•H 




X 

£ 

Td 

o 




£ 

•rH 

£ 

£ 

£ 


O 


CO 





00 


p 


CO 

Td 

P 


Td 

•rH 

O 


> 

<U 

a) 




Td 

•H 

o 



cu 

'£ 


cd 

CU 

44 

<44 


0) 

£ 

Td 




(U 

44 

44 

cu 


•rH 

cd 

CO 

£ 

£ 

cd 

1 



•rH 





> 

£ 


p 


Td 


cd 



£ 

(U 


£ 

r — 1 

o 



• 

P 

O 

}4 

44 


£ 

l 

£ 

£ 

£ 

P 

£ 


O 

£ 

44 



p 

£ 

o 

0) 



44 

cu 


•H 

CU 

e 

O 


•H 

CU 




M 

(U 


Td 

cu 


CO 

£ 

P 


P 

•rH 



44 

14 

CO 



H 

Td 


£ 

> 



O 

44 

£ 

44 

i — 1 

44 


cd 

£ 

cu 



>H 

I 

Td 

o 

o 


CJ 

44 

•00 

o 

£ 

CU 

£ 


£ 

CU 

o 



Pd 

>> 

o 


£ 


•H 


£ 

•H 

£ 


o 


£ 

a 

cd 

• 



cu 

p 

£ 

p 


£ 

CU 

CU 

44 

PH 

Td 

p 


00 


<44 

>v 


0) 

»— i 


•H 

£ 


cd 

p 

p 

CJ 


£ 

cd 


P 

cd 

£ 

p 


p 

oo 

OO 


•rH 


£ 

44 


£ 


cd 



>44 


£ 

p 


4-) 

£ 

£ 

CO 





cu 

Td 

• 


o 


£ 

(U 

CO 

cd 



cd 

•H 

CO 

o 


Td 

CU 

00 

cu 


CO 

44 


O 

44 


44 


44 

P 

4-1 

cu 

44 


o 

CO 

cd 

£ 

P, 

cu 



CJ 

cd 

CU 

£ 


o 


4-4 

£ 



£ 

cd 

i — i 


o 

i — i 

CO 



o 

CO 

0) 



CU 

P 

U 

Td 


0) 

CD 

(U 

44 

p 

N 

Td 


aj 

p 

(U 

£ 

/-"-S 

CO 

X 

i — 1 

(U 

£ 


cd 

£ 

CO 

£ 


N 

£ 


P 

Td 

p 

•H 

vO 

cu 

44 


Td 

cd 



a 

£ 

CU 

oo 

O 

o 


44 

£ 

44 

£ 


£ 


P 

£ 



* 

£ 

44 

CJ 

£ 

£ 

p 



P 


0) 

<U 

£ 

p 

CNJ 

CU 

CU 



p 


£ 

•H 


CO 


£ 


O 

P 

u 

44 

4-1 

P 

r4 

CO 


p 


CU 

CU 

44 

44 

cu 


•H 

CO 

44 

X 

£ 

cd 

•H 

1 

CO 

p 


44 

o 

p 

P 

44 

CU 

£ 



44 

£ 

a) 

00 

CU 

£ 

o 


£ 


£ 

44 

44 

1 

•rH 

P 

£ 


X 

P 

P 


P 

44 



(U 

£ 


0) 



? — l 

P 

a 

O 


P 

£ 


Td 

pH 


Td 

C\1 

r— [ 

CJ 


•H 

Td 


P 


o 

CJ 


£ 

CO 

P 

£ 

V— ✓ 

o 

cu 

X 

CJ 



O 

£ 

<U 


i — 1 

£ 



cd 

CU 

<u 

£ 


•H 

u 


P 

CJ 


P 

cd 

£ 

£ 

cd 


Td 


<U 

£ 

44 

O 


£ 

cd 

Cd 

P 

p 


44 


£ 

< 

£ 

CU 

£ 




cd 

44 


44 

P 

o 

CU 

£ 


44 

<u 

tP 


P 

CO 

cd 


Td 

44 

£ 



<u 

4-1 

! 1 

> 

0 


0) 

00 

o 


00 

p 



cu 

CO 

o 

p 


§ 

P 

1 


CO 



cd 

> 

• 

•H 

£ 

** 


44 

cu 

p 

cd 


o 

£ 

u 

CU 

£ 


0) 

p 


CO 

£ 

£ 

Td 


cd 

44 

£ 

CO 


(U 

*H 


p 

CU 


00 

cu 

44 

cu 

O 

a 

cu 


£ 


O 

£ 


00 


Csl 

1-1 

p 


cd 

CO 

£ 

! — 1 



N 


o 

0) 

O 

Cl) 



CO 

X 




P 

£ 

cd 

00 

CU 

Td 

•H 


p 

£ 

£ 

> 


p 1 

cd 


00 

p 


£ 

44 

i — i 

c 

P 

£ 

i — 1 


£ 

<U 

•rH 

0) 


cd 

£ 

0) 

£ 



cd 


p 

cd 

44 

cd 

cd 


o 

rg 


£ 


£ 


p 

•H 

£ 


44 

cu 

CU 




cu 


u 


CO 



0) 

4-1 

4-1 

CO 

O 



p 

P 

cu 

44 

44 

£ 


£ 


cd 

P 


c 

£ 


cd 

44 


r-H 

44 

O 

£ 

O 

CO 



•£ 

P 

s 

o 


<u 

cu 

4-4 

cu 



cU 


£ 

£ 


O 

CO 



a 


£ 


00 

£ 

O 

£ 

Td 


£ 

44 

P 

CO 

44 

O 

cd 


cu 

cd 

p 

44 



P 


CJ 

CU 


44 

o 


0 

£ 

P 

5 


£ 

14 

o 

£ 


0) 

o 

P 

£ 

£ 




Td 

\ — 1 

(U 




(U 

■U 

£ 

O 


p 

1 — 1 

u 

P 

•H 


1 — 1 

cd 

cu 

o 

CJ 

CU 

cu 


£ 

cd 

44 

o 


4-1 

cu 

5 


£ 


cd 

cu 

£ 


£ 

p 

CO 




£ 




> 

o 

44 

CJ 1 


£ 

£ 

•rH 

X 

CU 

44 

cd 


CO 

>44 

o 

£ 


CO 

cu 

£ 

cd 

cu 


00 

cd 

£ 

Td 

p 


cu 


£ 

O 

CJ 

0) 


4-1 

Td 

00 


£ 


CU 


cr* 

0 


00 

£ 


•H 



Td 


£ 


4-1 

Td 



44 

i — i 

a> 

P 

o 

£ 

a 


>44 

(U 

l — 1 

Td 


0) 

£ 

£ 

<U 

CU 


£ 

cd 

£ 


\D 

P 

cu 



p 

cd 

£ 


CO 

o 

o 

44 

N 


•rH 

£ 


cu 


P 

Td 


P 

00 

£ 

£ 


cu 

•H 


U 

P 



0 

<U 

p 

44 

P 



*H 

£ 

O 



£ 

4-J 

£ 

(U 

CO 


(U 

p 

P 

44 

£ 

cd 

44 


44 

cd 

•H 

p 


cu 

cd 

cd 

£ 



44 

44 

44 


O 

£ 

£ 




44 

cd 



£ 


•rH 

£ 


cd 

a 


Td 

P 


(U 


Td 

P 

CJ 

a 


<u 

£ 

CO 

Td 

CU 


£ 

a) 

CU 

cu 

cd 


a 


CU 

00 

OJ 

•rH 


£ 

OO 

cd 


44 


O 

CO 

Td 

CO 



£ 


44 

•rl 

£ 

44 


£ 

•H 

S 

CO 

CO 


P 

l 

p 

cd 

o 

P 

cu 


C 

P 

•rH 

£ 


00 

4-1 


44 



£ 

CO 

> 

cu 

44 

44 

p 

• 

£ 


a 

<u 


•H 

£ 

0) 

£ 

CO 


O 

CO 

o 

£ 


P 

1 


0 

44 


> 


44 

O 

P 

O 



U 

o 

£ 

o 

CO 

00 

LO 

Td 

£ 

cd 





Cl 

a 

44 

£ 


£ 

£ 

P 

cu 

Td 

•rH 

CM 

o 

l 


• 

a) 


CO 


P 

44 

O 


•rH 

a 


Td 

c 

44 


p 

00 


cu 

£ 


•H 

cu 

P 

(U 

•H 




O 


o 


< 


£ 

14 

> 

•H 


X 

P 

0) 


CO 


0 

£ 

44 

£ 

p 

CU 


00 

•rH 

•rl 

p 

i — 1 


H 

H 

> 

£ 

1 — 1 

• 

H 

£ 


0) 

CO 

£ 


£ 


P 

44 

£ 





00 

£ 

O 


£ 

£ 

p 

CU 

O 

• 

•H 


•H 

CJ 

CU 




CO 

•rH 

P 

•H 


P 

CU 

44 

£ 

e 

cu 

44 


P 

(U 

44 




•H 

CO 

O 

P 


X 

Td 

£ 

£ 


00 

>44 


cd 

p 

£ 




P 

cu 

£ 

cd 


to 

£ 

£ 

O 


Td 

•H 


44 

44 

0) 




H 

Td 

P 

£ 


s 

O 

44 

O 

p 

cu 

P 


CO 

CU 

CJ 


612 



GENERAL ARRANGEMENT 




CANDIDATE METALLIC MATERIALS 









X 

X 







CO 









a) 



0 ) 

0 ) 







>•> 

X 





X 

CO 


p 



a 

a 







o 

1 — i 





cd 

•H 

1 

X 


cd 

C! 

0 

CO 



X 



X 

•H 

54 

X) 




X 

PL 



QJ 

cd 

cd 

1 — I 



cd 



X 

£ 

OJ 

QJ 



CO 

4-J 

g 

QJ 


J4 

> 

X 

cd 

CO 



X 


cd 


X 

GO 



X 


CD 

£ 


cO 

X 

cd 

*r4 

0 


QJ 

0 



* 

GO 

cd 



X 

u 

4-J 

cO 



Cd 

X 

54 

o 


X 

OJ 


g 

QJ 

•H 

u 



00 

o 


54 

QJ 

PL 



OJ 

X 



g 


p 

GO 

X 

OJ 



*H 

4-4 

4-1 

44 

J4 

£ 

00 


X 

X 

QJ 

>> 

PL 


0 

cd 


> 



i — 1 


O 

U 

c 0 

cd 

0 

So 

cd 

a 

X 

QJ 

o . 


X 

X 

QJ 

o 



X 

0 ) 


•H 


u 

X 

o 

g 

X 

X 

X 

( — 1 


g 

0 

X 





?4 

a) 

cO 

QJ 


to 

0 


54 


X 

QJ 


p 

cd 

X 

X 



O 

P 

00 


00 

QJ 

r— H 

QJ 

X 

X 

fl 


> 


X 

X 


0 



o 

4-J 

0 

a) 

0 

00 

PL 

•H 

o 

CO 

X 

X 

0 ) 


cd 


X 

cd 



1 — 1 

cd 

cO 

X 

cO 

cO 

PL 

CJ 


QJ 

CO 

cd 

X) 



CO 

o 

X 




*4 

J-4 

X 

J-4 

X 

cd 

X 

0 

}4 

■H 

X 



CO 

cd 


■CO 



4-1 

0 ) 




QJ 


X 

o 


54 

X 



QJ 


0 

•H 



o 

PL 

cO 

0 

01 

CO 

X 

X 

X 

X 



54 


X 

X 

QJ 

CO 




£ 


o 

J-4 

p 

o 

QJ 

X 

o 

s 

0 

o 


54 

u 

X 

OJ 



0 ) 

oi 

4-J 


P 

X 



cd 


o 

o 

X 


QJ 

p 

cd 

54 

• 


1 — i 

4-J 

CO 

X 

X 


z 

1 — 1 

u 

0 

X 

X 

cd 


CO 

CO 

X 

1 

QJ 


X 


X 

a) 

CO 

X 

QJ 

cd 

•H 

o 


54 

54 





id 

GO 


Cd 

£ 

4-J 

a 

J4 

X 

X 

54 

X 

X 

0 

0 ) 

o 


o 

* 

QJ 

o 

cd 


cx 



0 

QJ 

CO 

> 

p 

CL 

X 

X 

X 

X 


o 

CO 

X 

•H 

CO 


cd 

£ 

0 ) 

aj 

PL 



X 

PL 

o 

cd 

X 

cd 


o 

X 


CO 

dJ 


o 


4-J 

•H 

£ 

QJ 

QJ 

a 

cd 

p 

X 

54 

1 — 1 


CM 

0 

X 

o 





cO 

J4 

QJ 

X 

X 

p 


X 

0 

a 




QJ 

X 

54 

XJ 


0 ) 

c d 

a 

0 J 

X 

X 

X 

54 

OJ 

QJ 

•H 


X 


QJ 

0 

•H 

54 

id 


X 

g 

•H 

PL 




X 

X 

54 

cd 

QJ 

GO 


X 

o 

s 

o 

cd 





X 

X 

0 

X 

CO 

X 


g 

X 

p 


EH 

PL 


o 



>, 

4-J 

c 

0 ) 


•H 

X 



QJ 


X 

o 



£ 

QJ 


0 


X 

CO 



o 


X 

QJ 

0 

X 

0 


54 

• 


o 

GO 

CO 

GO 


•H 



OJ 

CO 

X 

s 

N 

X 

X 

X 

0 

X 

OJ 

• 

u 

cd 

CO 

•H 


i — 1 

Cl) 

CO 

X 

CO 

QJ 


X 




o 

X 

54 

n 


X 

OJ 

CO 


•H 

g 

qj 


O 

J4 

OJ 

g 

X 

X 

54 



cd 

X 

X) 

0 

54 

0 ) 


u 

■H 

CO 

X 

r. 

QJ 

X 

X 

CO 

0 

QJ 

Td 

0 ) 

£ 

EH 

QJ 

cd 

X 

X 


Cd 

4-J 


X 

1 — 1 

X 

cd 

X 

X 

cd 

X 

OJ 

cd 

XJ 

>-* 

T) 

> 

CO 



4-1 


I — 1 

•H 


0 

g 

cd 

54 


54 

CO 

o 

54 

X 

X 

XJ 


u 



a) 

cO 


o 

P 


g 


So 

o 

cd 

GO 

cd 


OJ 

cd 

QJ 

cd 


CD 

> 

id 


X 

O 

CO 



X 


X 


X 

QJ 

gs 


X 

I - 1 


x 


cO 

* 


a 

CO 

o 

o 

X 

0 


CO 


X 


* 

X 

p 


X 

4-J 


X 

o 

0 

s 

X 

X 

1 — 1 

X 

QJ 

cd 

X 

X 


X 


a 



CO 

a 

0 ) 

CM 

0 ) 




•H 


54 

X 

X 


• 

•r4 

•* 

•H 


X 

i — 1 


> ■> 

CM 


Q 



X 


OJ 


GO 

54 

X) 

g 

CO 

X 


cd 

P 

£ 

o 


QJ 

X 

54 

• 

CO 

• 

[5 

CO 

X 

o 

0 ) 

54 

id 

>4 


X 

£ 

c 0 

X 


X 

H 

cd 

CO 

X 

QJ 


CO 

X 

X 

54 

0 ) 

o 

cd 


X 

P 

C 

CL 

QJ 



CO 

X 

X 

g 

g 

QJ 

X 


QJ 

PL 

•H 

PL 



o 

>> 

g 

X 

t — 1 

X 

CO 

OJ 

QJ 

X 

cd 

a 


1 — [ 

X 


X 



0 ) 


X 

<D 

X 

X 


OJ 

> 

54 

X 

>4 

o 

o 

cd 

0 

CO 

cd 

0 ) 


4-J 

0 ) 

o 



X 

54 

a 

a) 



GO 

54 

X 

X 

p 

QJ 

o 

X 

<D 

cd 

X 

£ 

X 

C 


o 

QJ 

I — 1 

QJ 

X 

o 

PL 


54 

o 

54 

■H 

X 

M 

U 

x 

54 

CO 

•H 


X 

0 


X 

o 

54 

\ 

cd 

01 

a 

dJ 

X 


0 

•H 


0 ) 

•H 





QJ 

a 

u 

PL 

X 

o 

X 

0 

X 

o- 

0 

GO 

X 


X 

u 

CO 


CO 

X 

X 

X 

cd 


cd 

X 


QJ 

cd 

PL 

o 

*H 

C 

(1) 

H 

QJ 

0 ) 

o 

X 

0 

X 

X 

QJ 

0 ) 

X 

X 

g 


54 

cd 



*H 

o 


X 

J-4 

o 

o 

QJ 

cd 

QJ 

CO 

X 

u 

cd 


CD 

0 ) 


GO 

'w' 


3 


cO 

p 

X 

X 

X 

X 

> 

OJ 

X 

OJ 

u 

X 

54 

PL 

QJ 

0 


P 

a) 

• 

£ 

X 

CM 

X 

X 

PL 


54 


X 

X 

cd 

cd 

g 

CO 

•H 


X 

X 



cO 


QJ 

QJ 

QJ 

X 


54 


t — 1 

54 


QJ 

OJ 

X 


H 


CO 

X 

J4 

I — 1 

g 


a 

GO 

X 

o 

g 

PL 

p 

X 

X 

X 

0 


>* 


u 

0 

01 



QJ 

o 

X 

X 

X 


PL 

X 



X 

QJ 


X 

• 

p 

cO 

PL 

o 

00 

X 

cd 

X 

GO 


0 ) 

cd 

CJ 

o 

OJ 


PL 



CO 

o 


£ 

X 

0 

X 



•H 

r o 

X 


p 

o 

CJ 

X 

QJ 


Q) 

X 

X 

Q) 

0 ) 


X 


X 

X 

X 

OJ 

X 

X 

54 

l n 

•H 

o 

X 


X 

£ 


U 

X 

Pl 

CO 

o 

cd 

o 

X 

X 


0 

X 

<r 

> 




4-J 

o 

1 — 1 

P 


P 

CO 

X 




u 

•* 

cO 

TO 


54 


* 



o 

1 — 1 

X 

QJ 




X 

QJ 

0) 

QJ 

• 



o 

01 

X 

kO 


54 

0 ) 


o 

oo 

CO 

' CJ 

CO 

CO 

u 

X 

X 

OJ 


54 

X 

CO 

■H 



o 

CO 

1 — 1 

p 

X 

QJ 

o 

OJ 

•H 

0 

X 

0 ) 

• 

QJ 

o 



54 

H 


4-1 


' — s 

J-4 

QJ 

>4 

J4 

p 

54 

cd 

cd 

CO 

X 

o 

'X 

o- 

0) 

o 




o 


X 


P 

P- 

cr 


0 

iX 



*H 

cd 

dJ 

54 

■x 

54 


X 

"d" 

CO 

CO 

00 

X 


X 

GO 

QJ 

X 

CO 

. r. 

X 

g 


QJ 

cd 

o 


QJ 


X 


0 

cd 

X 

0 

0 

X 

cd 

X 

CO 

CJ 


CO 

x 

g 



X 

o 

0 

X 

X 

J4 

0 

X 

•H 

0 

> 

o 

p 

cd 

cd 

QJ 



* 


CO 

4J 

o 

o 

X 

0 ) 

cd 

u 

0 

X 

cd 

X 

X 

54 


54 


OJ 

CO 


•H 


a 


cO 

CL 00 


QJ 

X 

CO 


X 

cd 

CL 

0 ) 

dl 


X 

r->. 


t — l 

PL 

QJ 

0 ) 

QJ 

g 0 

CO 

X 

cd 

g 

X 

QJ 

X 


X 

X 

• 

X 

EH 


X 

p 

CO 

PL 

X 

QJ X 

1 — 1 


X 


X 

g 

CO 

GO 


cd 





Cd 





X x 

cd 

0 

0 

QJ 

g 



0 

I — 1 

54 

1 — 1 

u 



4-J 

4-1 

o 

X 


cd 

X 

o 

•H 

X 

X 

GO 

X 

X 

X 

0 ) 

CM 

0 

X 


CO 

o 

o 


• 

~ QJ 

54 

X 

CO 

X 

X 

0 

54 

54 

X 

PL 

CM 

1-4 

QJ 


qj 


o 

0 

00 

0 X 

QJ 

X 

g 



X 

cd 

p 

£ 

£ 



X 



0 

•X 

o 

0 

o 

X 

cd 


CO 

OJ 

CO 

1 

X 


QJ 

X) 


CJ 


cd 

O 

<r 


•H 

x a) 

Cd 

o 

}4 

OJ 

CO 

CO 

OJ 

CJ 

CO 

X 

QJ 

• 

QJ 


•H 

•H 


00 

X 

x g 

g 

X 

o 

*H 

X 

OJ 

X 

cd 



GO 


1 — l 


54 

4-J 

CD 

0 

cO 

X 0 


54 

X 

iX 

i* 

CJ 

X 

X 

o 

OJ 

cd 

o 

QJ 


(1) 

CO 

X 

•H 

0 ) 

X X 

X 

X 


CL 

u 

o 

1 

dl 

I — 1 

54 


1 — 1 

CO 


4-J 

U 


X 

X 

X CO- 

o 

cd 

X 

g 

QJ 

54 

X 

0 

1 — 1 

QJ 


r - ) 



•H 

P 

X 

0 


CO 


X 

QJ 

X 

X 

PL 

o 

cd 

cd 

X 

X 

cd 

QJ 


54 

X 

r— 1 

0 ) 

u 

X 

0 


QJ 


X 


1 

g 


s 

1 — 1 


X 


o 


P 

PL 

■H 

0 CO 

o 

X 

c 

CO 

o 

nd 

OJ 


g 


cd 

m 




c 0 

o 

aj 

g 

X P 

X 

0 


QJ 


0 

X 

o 

p 

X 

•H 


X 


C 


o 

X 

cO 

CO 

X 

cd 

a) 

CO 

X 

CO 

cd 

X 

0 

QJ 

a 

o 

X 


00 

U 



0 

X 

u 


X 

CO 

X 


X 


X 

CO 

•H 

r-- 

•H 


•H 

0 

a) 


So 

• X 

OJ 

CO 

X 

QJ 

GO 

CO 

CO 

0 

g 

p 

X 


£ 


CO 

4-1 

54 

CO 

X 

X OJ 

1 — 1 

X 


a 

X 

1 — 1 


o 

p 


*H 

X 



( D 


p 

QJ 

o 

0 ) 

QJ 

cd 

X 

o 

g 

cd 

?4 

X 

X 

0 ) 

X 

X 

CO 


Q 

X 

X 

>4 

J4 

x o 

CO 

X 

CO 

54 


X 

cd 

X 

< 

X 

54 

GO 

u 




o 

P 

QJ 

CJ X 


54 

0 

PL 

X 

54 

OJ 

CJ 



cd 

0 

QJ 



X 

P 

X 

CO 

QJ 


QJ 

X 


CJ 

QJ 

0 

p 


1 — 1 


QJ 

PL 



o 

u 

cO 


Q-. OJ 


X 

cd 

X 

X 

X 


X 


X 

aj 

54 

g 



cO 

X 

J4 

O 

X P 


CO 

GO 

0 

X 

cd 

54 

QJ 


•H 

CO 

X 

QJ 



S 

CO 

QJ 

X 

QJ X 


g 

(0 

cd 

15 

g 

o 

54 



p 

CO 

X 


614 


Two titanium alloys, 6A1-4V and 6Al-2Sn-4Zr-2Mo , were selected for the heat sink and radiative 
thermal protection system structure on the HYTID. Ti-6Al-2Sn-4Zr-2Mo retains both strength and creep 
resistance at temperatures up to 811° K; whereas, a significant decrease in these properties occurs ii 
Ti-6A1-4V at temperarures above 700° K. In general, Ti-6Al-2Sn-4Zr-2Mo extends the temperature cap- 
ability of titanium alloys by 111° K to 139° K and is therefore a primary material for the HYTID. 
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and slight surface contamination on the exposed side of the outer skin, no structural damage occurred. 
The panels were .15 x .15 x .0127m with .0025m core and .005m face sheets. Two coats of polyurethane 
paint over one coat of epoxy primer were applied to the outer skin surface as a topcoat treatment. 
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ings. Welding is compatible with the use of titanium SPF/DB components, as they are used in the "as 
formed" or annealed condition. 
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DESIGN AND FABRICATION OF A SUPER ALLOY 
THERMAL PROTECTION SYSTEM 
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Baseline metallic TPS weight for corrugation- stiffened beaded skin design using low density fiber 
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TYPICAL AREA OF APPLICATION FOR METALLIC TPS 
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Figure 1.- Concluded 
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Surface roughness - To avoid uncontrolled ingestion of high-energy boundary -layer air in 
the panel expansion joints, all such potential gaps were aft facing in relation to the general 
flow direction., Also, the height of surface steps, beads, and protruding fasteners will be 
such that local interference-heating effects will not be excessive,, 
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SURFACE TEMPERATURE AND PRESSURE PROFILE 
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TIME AFTER START OF ENTRY, SEC 
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CANDIDATE MATERIALS 
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RFRIMES OF MATERIAL CHOICE FOR LIGHTEST 
METALLIC HEAT SHIELDS 
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MAX. TEMPERATURE DURING RE-ENTRY 



MATERIAL PROPERTIES 


CO 

Cl) 

a 

3 

bC 


oo 

oo 

T— f 

W 

w 

fa 

t* 


« a 


2 S 


03 


03 £ 

« .2 


S .2 


0) , 


o 


§ 


< 

» fa 


fa 


a 
<d 
& 
a 

03 

-M 

cd .2 

X3 ■ 
•*•» X! 

.2 tS> 

S e 


tc 


3 to 
0) 

a CO 


Xi'S 

£P§ 

^ . 

far o 

i— I •— H 

a r d 

<0 03 

2 M 
+2 a 
a -a 
® s 


CD 

a 

o3 

rH 

rjc 

"a) 

a 

<D 

fa 

a 

o 


he 

a 


o 


0) 


x P 
13 £ 
TO 

hex) 

a i 

w s 

co .a 
cd fa 

CO 

cc .fa 

o a. 

rv 

^ O 
O ?H 

<3 

© 03 
03 .rH 

a . . 
JD fa 


> ° 
5 o 

5 o 

o * 
^ a 

X! _ 

o ^ 
3 a 
3= . 

CO 

•*H . . 

•s t 

o a 

a. ,2 
o ^ 
a r~- 

a fa 

3 o 
<C ca 
^ co 


fa 


cm 

c- 


03 

-* fa 

o It 

a o 
o 

- oo 

^ rH 

a , 


CD 


O 

o 

CM 


a y. 
s 

o io 
CO lO 
> CM 

t-H 

. 2 ® 

^ O 


a 

15 bp 

® a 

-a 

be ® 

.2 12 
be a 
a x! 

T3 CD 

a be 
a a 

SP- 

.2 ° 

43 lo 

a r-c 


SS 

fa 

o 

LO 


rf 

V 

fa 

fa 

H 

fa 


a 

a 

CD 

fa 


CD 

be 

a 

a 

a 

a 

a 

3 

a 


o 

CO 
CO 

a 
o 

•i— I 

a 
a 
> 1 ' 

>> "8 

be 
td a 

ffl "H 

a £? 
o 2 
*— H O 

<D 'w 

® o 

TD cm 


640 



MECHANICAL PROPERTIES 

HAYNES 188 



0.2- percent compression yield strength; E, Young's modulus 
























DESIGN ALLOWANCE FOR OXIDATION LOSS 
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An oxidation loss of 0. 0010 cm (0. 0004 in. ) was used for the external surfaces of the 



OXIDATION RESISTANCE IN DRY AIR, 100-HR TEST 
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SURFACE PANEL CROSS SECTION SELECTION 
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SURFACE PANEL CROSS SECTION SELECTION 
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PANEL OPTIMIZATION CONSIDERATIONS 
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PANEL OPTIMIZATION CONSIDERATIONS 



SCHEMATIC OF LEAST MASS DESIGNS VS PITCH FOR THREE NEUTRAL AXIS LOCATIONS 





COMPROMISE HA.YNES/RENE OPTIMUM SECTION 
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MASS STUDY RESULTS 
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(0.8) (1.0) (1.2) (1.4) (1.6) (1.8) 

PITCH, P, cm (IN.) 



SELECTION OF OPTIMUM PRODUCTION SECTIONS 
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The latter effect resulted from satisfying buckling criteria 
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Figure 11 




SKIN BEAD FLUTTER AND THERMAL CONSTRAINTS 
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THERMAL STRESSES IN SURFACE PANEL 


CD 

U 

£> 

8. 


© w 


02 


® of 


02 


! 1 g-a 

1 a £ §' 

oh 

1 -u -u 


m 

£ 

2 

H 

8 

53 

O 

u 

a 


o 

H 

O 

!3 

2 

H 

U 

W 

w 

w 


02 


cd 


cd 


02 


2 > 
cd fl 

a a 


a r, J ° 

50^2 

J 4-> IJ 

§;-« o w 
y a+j ra 

2-S-3 s 

2 © a a 
38 S g 
s-g,&«g 

s 2 .2 s « 

sSifil 

3 pj h T3 m 
“®B o» 
jS ob 

2 d -g 

3 &.s o § 

^g a 3 

2 ^ rt © $> 
3 S T3 02 ,2 
“ g © to ’g 
3 ®o®g 
3 a a £ £ 

■h ea ^ 

a o o 02 .0 

22 02 !h b fl tw 

3J} g|5 

m §3 bp 

B C B n O 
© 02 'P 4 

>>X! ft 02 " 
i +1 j 3 
> 02 TS 


03 

03 

02 

o 

<0 

tH 

XI 

bo 

fl 

o 

fH 

XJ 

+J 

0 

01 

02 
02 
cd 
X3 

a 

-*-> 

m 

o 

o 

m 


o 

02 

03 

o 

c- 


X! 

bO 

B 

X3 

-l-> 

O 

CD 

02 

03 

cd 

X! 

a 


a 

w 


o 

a> 

03 

o 

o 

T-l 

OJ 

X! 

bO 

B 

u 

ja 

-M 

o 

o 

r> 


<D 

CG 

J 


a 

0) 

-M 

02 

O 

& 



654 



BOOST 



655 


TIME FROM LAUNCH, SEC 



START OF ENTRY 



TIME FROM START OF ENTRY, SEC 





POSTENTRY 





SUPPORT RIB DESIGN 


& 

a 

T* CP 

a3 

© 

•h c3 


o 

3 

CD 

> 


CD 

<D —I 

X X 

■S .3 

CO 1 -' 

-a d 
ccJ 

o •• 
-n X 

r-H ® 

3 § 

•K © 
a s 
.2 

03 

i! 

a 

x d 

c © - 

d 

CD 
d 
3 


c; <d 1 

to rv 

sf 

o £ d 

•h E-* o 

a s 

lit 

1 ”I 

o ■y +“ 

© © 

© _, g 
cq S 
>3 3 > 
d g © 
d -3 a 

**£& 

4-» g ^ 

2 a T 3 

g d $ 

xgp® 

■fi-i * 

d 'S 

M CCi g 

o o d 

g-S-g 

C 0 j -rt 

0 ) £ £. 

H 0 

c^ d 


© 


CD 


CD 

“ in 
2 <N 

5 » a 
p o ® 
d © 

a) •> d 

© co g 

> ® o 

.5 © 

tp d co 

_o CO 


3 a 

X H 


CO 

d 

o w 

CO X! 3 

tss a 

S ^X 

a •« © 

a "T ^ 

o d 

O "- 1 

CQ 
03 
cti 

a 

^ a a 

id O'H 

&n ^ 
fl M S 

o 

• 

o 


CO 

CD 


M— l ;3 

o ,Q 

03 03 

rH 
© 
d 
d 

a 


a 

•rH 

© 

o 


d 
o 

•iH 

03 

„ § 

£ & 

CO © 


© 

> 

d 

x 

co 

© 

X 

O 

d 

d 


X I 

d x 

d © 


d 

3 


03 
CD 
03 

CQ _ 

S g 

to o 


o 4J - 
hS g 
*P§ 

• (D . 

0ir! 3 

d £< rH 

® O 0 * 

5 S f ; 

d d cn 

S”j 

d X O 

® Ss 
£ £3 

<4-H 

M m ft 

-4-» CD .f-J 

CU * "g 

CD <D ^ 

0 & d 
d © 
o © •» 

© d g 
© 5 
ja +5 — ' 

’ C g d 

tJ 5 «» 

o £ d 
a ™ © 
a & a 
d bn a o 
m g 3© 

_, .5 _ © 
g 5 g © 

«a - 2 

> o ^ a 

© «m . rj 

02 © d o 
JEa "1 © 
O o 
► ^ co 
K ° X 

a 0 TO 

e© 

© a g 

x © ? 


d d © 

© d O 

| S.2 

o © CO 

- 1 X rt 

5 © j? 

H +} CQ . 
2 © 
H TJ 

• «rH ^ 

M g CD 

2 -S fl 

2 3 ^ 

+J © 

, O m 

c3 +J CCi 

Ti © r© 

s > © 

d d Jd 

0 © +3 

■ffl 

> CO O 
^ T3 +j 
d d 

3 © m 
d© + 1 

d © g 

d £ o 

§ H ,d 

© 


© 

3 | 

33 .2 

J3 3h 

© 'm 

N rrn 

•rW X3 

S O 

o 

qj M 

■a I 


0 

fH 

1 

CO 

03 

05 

r— H 

biD 

cj 


O S-J M 

3^3 
■ © 


© 

3 


> . T3 

^ TJ © 

© © © 

© d 3 d 

Mg'S - 

I a " 


© 


© 

a 

o 

03 
03 

•rH 

d 15 

° g 
-y a 


2 

o TO -J— > 

rH O 03 

aS & 

odd 

^ g 
»H „ .5 
«3 M d 
°da 
M © . 
<h d S 
' a S 

d 

I si 

aj 


biD 

.a .a 

£?i 

•R CO 


d - 
d 

.3T S3 


O 

° -a 

T3 j§ 


CQ 

•rH rW 

rS © 
^cd 

-2 l 5 

a- a 

—33 g 

dl* 

.3 jd o, 
I .in 
O r— I 

- T © 
.2 ^ 
r S 

LO > 
(M O 


CO 


© 

I c-' ■ ■ 
CM * © 
CD 2--d 


«rH O 

0] +J H t> 


© 

i— “4 

0 "rH 

© -u 
d 


o w 
W 13 

■ o 


a 35 

^ -i •> 


© 

-d 


.. d 

d © 

© > 
■H © 

2 T 3 

3 -rH 
C3 > 
© O 


T3 

d 


d © ^ 

I -. I rH 

CO 03 

o 0 

3 o ,H 

o 

o ^ r,r 

«.a| 

1|1 
a ® ^ 


© 

X! 

+■> 

a 

o 

* 

§ 

• rH 
H-> 

O 

0 

"O 

o 

?H 

s 

bX) 

*o 

eP 

LO 

<M 

d 

03 

O 

X3 

•i-H 

> 

o 

d 

a 

a 

•rH 

w 

© 

73 


(M 

£ 

a 

X 

*— I 

LO 

CO 


<M 


bD 

•id 

t- 

LO 

CD 


tH 

o 

CQ 

03 

Ctf 

»a 

X CO 
CD 

r| x 
^ © 
d 

•rH 

r—H 

<D 

03 

CCJ 

ua 


658 



MODIFIED WEB CONCEPT 



659 


LOWER "U" CLIPS 


DRAG SUPPORT DESIGN 



o 


co 

i-H 

CD 


to g 




CQ 


OS 


M ° CQ 

» a ■a 

w S O 

a m — 1 


CO 

iH 

CD 


CL, 0) 

a hTJ 


CO 


i— ^ W 

*1.3 




*h 03 tw 


660 



CENTER SUPPORT (FIXED) RIB 



661 


Figure 15 
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MASS (ESTIMATED NOMINAL WEIGHTS) COMPARISON 
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TEST SPECIMEN INSTRUMENTATION 
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temperature. This arrangement was employed at three locations in the expansion joint area. 
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In view of these results, it is concluded that the basic technology for flat metallic TPS is available. 
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doubling the number of foils halves the radiation' transfer through multiwall insulation. 
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heating rates at all body points is shown in figure 7. The first body point experiences 
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TEMPERATURE HISTORY OF SHUTTLE 
(BODY POINT 1) 



Figure 





TEMPERATURE DISTRIBUTION THROUGH MULTIWALL TPS 


HI 



688 


previous multiwall development. The thinner gages were selected for current development to reduce 
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could save mass. 


MASS COMPARISON OF MULTIWALL TPS AND LRSI 
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Figure 16 





704 


panels in a hypervelocity environment. 



fractional area of metallic conduction 



705 


L 



d 



P 




CO 


P 




p 


a 

H 

• 


(X 


a) 

cd 

p 


a) 


P 

P 

o 


CJ 


O 

ns 

e 


d 


P 

p 

p 


o 


Ph 

o 

<2 


o 


ns 





P 

P 

d 


p 


cd 

p 

o 


cd 


£ 

CO 

p 


P 


p 


p 


d • 


OS 

* 

o 


P vO 


P 

CO 

a) 


a vo 


H 

a) 

p 


d av 



P 

o 


p p 


a 

ns 

p 


p 


P 

P 

P 


co in 


H 

a 



P 


T— 1 

3 

p 


cd 


cd 

p 

cd 


•• d 


P 

P 

a) 


• p 


a) 

CO 

£ 


2 p 


£ 




as 



p 

as 




a 

P 

* — i 

• 

p 


> 

00 

p 

vO 

o * 


P 

H 

p 

r^ 

bO CM 


P 


d 

o> 

as vo 


cd 

W 

P 

p 

p p 


P 

S 

CO 


CJ CO 


XS 

CO 


in 

1 


cd 

<2 

as 

p 

- p 


(2 


rd 

cd 

2 



<! 

p 

d 

as £ 





d 

P H 

CO 

• • 

P 

bO 

cd 

o 

w 

• 


d 

p 

P <d 

CJ 

2 


•H 


a co 



P 

*>. 

P <i2 

w 

• 

P r- 

CO 

p 

& £ 

2 

p 

av cr* 

a) 


xs 

w 


CO P 

H 

• 



1 


o 

d * 

w 

P 

p 


£ 

cd co 

p3 

a) 

o 

•• 


a) 


P 

P 

• 

0S 

d 


Is 

• cd 

P 

<1- 

• cd 



o £ 


P 

P P 


d 


X) 


P PH 


2 


P 

• 

P 


P a) 

cd 

P 

P 



as a 

d 

o 

• <2 


a 

ex d 

o 

> 

O 


cd 

cd a) 

P 


cs 



fP p 



d p 


• A 

as 


CO 

P d 


• 

4H 

d 

o 

o 0 


p 

• d 

cd 

P 

p CO 



P o 

•H 

P 

p 


• 

p CJ 

P 

d 

*> as 


p 

o 

P 

cd 

CO PH 



(X CO 

P 

d 

•h 


A 

as p 

H 

o 

> 53 


p 

2 nj 


p 

cfl 


a) 

P 

xs 

as 

P T5 


« — i 

CO P 

d 

<2 

a) 


<D 

d as 

cd 


• 1 { 


XS 

p p 


xs 

p as 


P 

cd cd 

• r 

d 

p d 


P 

p S 

as 

cd 

as Cn 


CO 

CO 

bO 


j=j i 



xs 

P 

CO 



• 

< d 

o 

cs 

as 


« 

cd 

as 

p 

bO 


P 

r 

o 

p 

• O 



CO 


d 

P P 


• 

CO o 


cd 

xs 


ns 

e p 

p 

d 

JT wT* 


as g 

cd 

o 

d nd 


•t 

p cd 

P 

p 

o 


d 

co d 

d 

p 

CO P 


O 

££ 

o 

CO 

M o 


P 

p 

< 

cs p 


O 


p 


cd 


FQ 


CO 


p 




# 

t 

• 


P 


CM 


co 





XS 



o 





as 



p 





p 



p 





cd 



cd 





o 



p 


P 



p 



p 


o 



p 



o 


p 




rv 


cx 





cd 



CO 


p 



p 

P 


d 


as 



as 

o 


cd 


p 



P 

CM 


p 


o 

cd 


PH 

r^. 


H 



p 



1 





p 


bO P5 


P 


p 

as 


c 

O 


cd 


cd 

P 


•H 



p 


P 

p 


P 

C 


p 


d 

id 


cd 

co 


p 


p 

S 


d 

<2 


p 


o 

1 


a 



o 


d 

d 


cd 



1 


p 

p 


> 



p 


p 

p 


w 

• 


p 


CO 

p 



CO 


p 



cd 


p 

a) 


cd 


cd 

S 


p 

bO 


w 





as 

cd 




p 



co 

p 


X) 


o 

p 



co 


as 



p 


p 



a 


d 

CM 



d 


d 


o 

vO 


bO 

o 


cd 


♦H 

vO 


•H 

p 


> 


P 

1 


as 

CO 


xs 


cd 

P3 



p 


■5 


CJ 

LS 


p 

d 




»H 



jd 

cx 


p 


P 

c 


bO 

o 


o 


x> 

CO 


•rH 

p 


M-H 


cd 

C 


P 

PH 




Pm 

53 





CO 





P 

as 


p 

• 

XS 



o 

CJ 


d 


d 

• 



cd 


as 

r*^ 

cd 

p 


d 

CM 


£ 

cr* 


<p 


o 

CO 


as 

Tp 

co 

cd 


•H 



p 


as 

p 


P 

a 


P 


d 

o 


cd 

p 


d 


ET 

p 


bo 

d 


cr 

d 


•H 


P 

as 


as 

cd 

d 



p 

bO 



cx 

4n 



co 

o 



£ 

a 

o 


as 



>> 

o 

as 

•H 


> 

p 

• 

bO U 

H 

d 


d 

o 

vO 

o 



o 


M 


vO 

p 

bO 

MM 

co 



p 

a> 

o 

d 

O 

p 



o 

p 

d 

p 


as 


• ■ 

p 


P 

as 

P 

CM 


• 


•* 

u 

o 

d 

i>v 


w 

£ 

d 

as 

FQ 

as 




as 

o 

H 


g 



• 

p 

p 


as 

PM 

p 


O 

co 

CO 


P 

o 

o 



Po 

p 

•• 

H 

p 

M-H 


•* 

co 

> 

P 


as 



CO 


p 

cd 


> 

CO 


a) 

d 

Q 

• 

av 

as 

as 


P 

o 


p 


o 

p 


S 

p 

as 

as 

co 


d 



p 

X) 


CM 


p 

m 

xd 

cd 

d 



• • 

o 

vO 

d 

P 

•H 

• 


• 

d 

vO 

cd 

d 

P 

P 

a 

< 

p 

o> 


CD 





p 

P 

• «\ 

d 

•t 

xs 

<2 

XS 

co 


• 

w 

as 

p 

CO 

P 



Pd 


XJ 

cd 

<2 

cd 

d 

d 


p 

p 

S 

S3 

jd 

o 

o 

• 

as 

rO 

XJ 


cs 


•H 

P 

Po 

P 

w 


•H 


P 


cd 

cd 


• 

& 

cs 

cd 

»» 

p 

CJ 

* 

CO 


p 

P 

p 

1 


xs 

£ 


cd 

o 

P 

p 

d 

d 

as 


as 

cx 

o 

p 

o 

d 

p 

a 

co 

p 

xs 

p 

•H 

CO 

CO 

10 

as 

o 

d 

d 

d 

bO 

>> 

p 

o4 

o 

as 

S 

d) 

d 

CO 

•rH 



p 



cd 


XJ 



N3 



PQ 


# 



. 



• 


'd - 



m 



VD 



706 


Sharpe, Ellsworth L. , and Helenbrook, Robert G. : Durability of Foam Insulation for LH2 Fuel 

Tanks of Future Subsonic Transports. Presented at the International Cryogenic Materials 
Conference, Nonmetallic Materials and Composites at Low Temperatures, Munich, West Germany, 
July 10-11, 1978. 



20 





CC 




LU 




H 

DC 



Z 

LU 



LU 

h— 



CJ 


zc 



LU 

C_> 


X 

LU 

DC 


o 


<c 


CC 

zn 

LU 

co 

< 

<_> 

CO 

o 

LU 

cc. 

LU 

_J 

CO 

<c 

or 

LU 

LU 

LU 


HH 

CC 

CO 

CO 

LU 


LU 

LU 


1— 


cc 

~ 

X 



< 

CD 

h- 

1 — 


> — i 

3= 

c_> 

cc 

_J 

LD 


LU 

LU 

1 ■! 

QZ 

CD 


1 

h— 

O 

Z 

Li_ 

CO 

CC 

LU 



Q 


1 — 


> 

LU 

o 


CC 

<=> 

zn 


o 

>- 




CC 



< 

<=> 



CO 


c 


707 









LU 












CP 








to 




3 


1— 






LU 




1- 


X 






1- 

O 



< 


CO 






< 

1— 

- 


DC 


H— C 






a 


CO 


LU 


—I 







2 : 

t- 


Q. 


LL 




GO 


s: 

< 

CL 


2 






LU 


< 

DC 

LU 


LU 


O 



1 

> 


CP 

to 

c_> 


1— 


t — i 



> 3 : 

i — i 


to 

o 

X 




1 — 



DC 

1 — 


o 

CP 

o 


X 


CO 



3 

<_> 


cd 

CL 

CJ 


CO 





1 — 

LU 


a. 




►— 1 


_l 



CJ 

—} 



X 



X 


< 



3 

PQ 


X 

o 

< 




LU 



DC 

o 


cj 

CP 

DC 


X 


CP 



1 — 



DC 

< 

ZD 


1— 1 


CO 



CO 

nr 


< 

LU 

1 — 







<_> 


LU 

CO 

o 


CO 


X 


CO 

LL 

or 


cn 

LU 

3 


H- 


►— M 


h- 

O 

<c 


LU 

DC 

CP 


X 


h- 


Q_ 


LU 


DC 


l — 


LU 


< 


LU 

X 

CO 



< 

CO 


2 : 


O 


O 

o 

LU 


cn 




LU 


1 — i 


X 

1 — 1 

ad 


LU 

X 

f- 


O 


Cd 


o 

1— 



Cd 

CO 

o 


X 


PQ 


CJ 

< 

CO 


3 

1— 1 

X 


< 


< 



3 

LU 


l — 

_l 



> 


LL 


LU 

_l 

or 


o 

PQ 

1 — 


Q 




DC 

<t 

m 


3 

< 

DC 


< 


a 


3 

> 

1 — 


CP 

l — 

< 




X 


h- 

LU 

<_> 


l — 

CO 

1 


1 — 


< 


U 

DC 

O 

or 

r*H 

CO 

LU 

LU 

X 


CO 

LU 


CO 

CO 

3 

DC 

1 — 

1— 

O 

L— 


1- 


X 

X 

1- 

LL 

CO 

LU 

o 

1- 

1 

" " 

< 


*— < 

1—* 

CO 


q: 

3 

X 


LL 

LU 

_l 


X 

1 — 


< 

1 — 


co 

O 

DC 



CO 

to 

1 — 

1— 


O 

HH 

LU 

< 

1 

< 

LU 


»— « 

LU 

o 

< 

cp 

-1 

2 

LU 


X 


CO 

1— 

X 

a 


u. 

c_> 


h- 

2 : 

\~ 


LU 




or 


LU 

< 

< 



Q 

>- 

1- 


LU 


X 

> 

h- 

CP 

LU 

>- 


DC 

X 

<c 

l — 


LU 

1— • 

co 

CO 

N 

CO 

X 

o 

CO 

h- 



> 

1- 


o 

i — i 

o 

►—* 

y~ 

1 — I 

X 

LU 



C_) 

X 

DC 

_l 

—1 


< 

LU 

LU 

LU 


cj 

LU 

o 

a l 


o 

LU 

cd 

2 

2 


►— 4 

—> 



h- 

X 

O 

O 

1— 

I— 1 

nr 


X 

CD 

H- 

< 

3 

X 

X 

PQ 

X 

DC 

<_j 


o 

O 

X 



c_> 

LU 

< 

CO 

LU 

or 


CO 


LU 

X 

Q 

LU 

1— « 

_l 


CL 

25 


CP 

_1 

21 

o 

X 

\~ 

DC 


_l 

X 


LU 

< 

LU 

3 

< 


LU 

DC 

LU 

LU 

CO 


CL 

X 

CP 

CO 


LU 

CL 

O 

LU 

LU 


>- 

J-H 

ZD 


CL 

CO 

X 

LL 

1— 

ad 


X 

CO 

cn 

LL 

O 

< 

LU 


< 

a 




*— 1 

< 

O 

—I 

CO 


LU 

3 

■ — • 

1 — 


1— 

DC 

LU 


LU 


X 

DC 


> 

nr 


X 

o 

2 : 

CO 

> 

X 


< 

< 

o 

(JO 


LU 



h- 

LU 

1 -^ 

< 

2 

> 

DC 



DC 

CP 

CO 

3 

a 

< 

CO 

Q 

LU 

CL 

!Zl 


DC 

ZD 

Q 

O 


DC 


DC 



LL. 


3 

O 

< 

_l 

o 

1 — 

o 

< 

O 

O 



cj 


O 

_J 

i— 

CO 

1- 

X 

H- 

1— 

x: 



_l 

< 







LU 


to 

- 


LL 







C3 



cn 

t- 


- 


- 


■ 

■ 

>- 


X 

UD 

X 

_l 

■ — i 


CN1 


hO 

-rr 

or 


LU 

C7"> 

CO 

< 







a 


Q 

I — 1 

' — 1 

CP 









>- 


_J 

3 









DC 

o 

U_ 

H 









Q 

1- 


< 











X 

X 










X 

Q 











c_> 

3 

LU 










< 

1 — 

X 










PQ 

CO 

h- 








708 





LL 







O 







LU 






- 

CO 






X 

3 

h- 





DC 

< 

0 

_1 




o 

O 

X 





2 

LU 


2 





PQ 

CO 





_] 


**» 

CO 




< 

X 

X 

LU 




CJ 

O 

LU 

1—1 





1 — < 

Q 

1- 




1— 

1 — 

>- 

1—4 




LU 

DC 

QC 

_i 




DC 

O 

Q 

1 — 1 



1 

O 

CL 


PQ 



CO 

LU 


LL 

< 



LU 

X 

— 1 

O 

CL 



»— i 

h- 

< 


< 



H 


I- 

2 

O 



i 

Q 

X 

LU 




_J 

X 

LU 

1— 1 

1 — 



i — i 

< 

2: 

> 

CO 



PQ 


»— 1 

QC 

LU 



< 


DC 

LU 

1— 



CL 

< 

LU 

> 




< 

(- 

CL 

O 

_l 



CJ 

X 

X 


< 




LU 

LU 

X 

DC 



a 

S 


< 

3 



X 

►— i 

LU 


1 — 



< 

DC 

X 

- 

O 




LU 

1- 

X 

3 



to 

CL 


LU 

Cd 



LU 

X 

X 

a 

1 — 


CO 

3 

LU 

O 

> 

CO 


cn 

<3 



DC 



o 

»—• 

X 

X 

O 

LU 


X 

X 

H 

LU 


X 


i — 

X 

O 

LU 

h- 

\— 


LU 

CJ 

PQ 

PQ 

< 



51 

LU 




ll 



y- 

LL 

CO 

1 — 

0 


X 


O 

< 

CO 



CO 

co 


X 

i — 1 

>- 


»— 1 

X 

LU 


X 

DC 


CO 

1 — 1 

X 

■\ 

LU 

< 


LU 

1 — 

O 

QC 




a 

cn 


LU 

t- 

21 



LU 

X 

> 

< 

3 


a 

h- 

LU 

LU 

X 

CO 


X 


LU 

2 

1- 



< 

LU 

PQ 

O 


< 



CJ 


X 

c 0 



CO 

X 

CO 


LU 

Q 


1— 1 

< 

< 


t— » 

X 


CO 

> 

X 

CO 

1- 

< 


>- 

a 


»— 4 

1—4 



_l 

< 

1 — 

CO 

_l 

2 : 


< 


CP 

< 

1— 1 

< 


X 

o 

0 

X 

PQ 

DC 


< 

i— 

LL 

CL 

< 

CO 




LL 

21 

CL 

O 




LU 

LU 

< 

QC 

- 


. 



O 

CL 

a 


LO 

2! 

X 



LU 



< 

QC 

LU 

CO 

1- 



QC 

< 

3 

LU 

X 



CO 

21 

<3 

CP 

LU 



O 


1— 1 

3 

CO 



QC 

QC 

X 

1 — 

LU 



CL 

CL 

3 

O 

QC 






3 

CL 



QC 

LU 

LU 

CP 




3 

X 

X 

1 — 

LU 



O 

(— 


CO 

PQ 



DRYDEN FLIGHT RESEARCH CENTER HOT STRUCTURES RESEARCH OBJECTIVES 




LU 












<£ 











>- 

en 


OO 



CD 

Cd 


n 



CD 

<c 


o 



1 

— r~ 


nr 



O 



l — 




i — 


LU 



nr 

— i — 





C_D 

CD 



OO 


LU 

1 4 

oo 


LU 


1— 

1 

h— 

CD 

i — i 



LL 

Q_ 

i — < 

h- 


LU 


LU 

OO 

» — < 


CD 

CD 

CD 

LU 

1 


<C 

1 4 


Q 

i— t 

nr 

CD 

1 

CD 


PQ 

CD 


OO 

CD 

a 

<C 

Cd 


►— 1 



CL 

<c 

i — • 


LU 

*=c 

«=c 

LlJ 

ifT 

55 

cd 


CD 

OO 

rr 

m 

oo 


LU 

1 — 

CtT 

1 — 

1 1 

CD 

Cd 

OO 


CD 

oo 




LL 

m 

>- 

«=t 

| 

LU 

CD 

cd 

i 


-r— 

or 


1 — 

<c 

oo 

LU 

m 

s: 

oo 


LU 

s: 

1— 

CD 


<c 

CD 

LU 

<c 


1— 


C3 

Cd 

or 

h— 

nr 

1 

> ■< 

CD 

LU 

«=C 

CD 

g? 


oo 

o_ 

CD 

1 * 

rc 

<c 


i — i 

LU 

m 

CD 

LU 

LU 

ad 


1 — 

LU 


h— 

P Q 

1 — 

CD 

1 — 




rc 

m 


OO 

nr 

LL 

CD 

cd 

1 — 

CD 

CD 


1 « 

1 — 

OO 

«=c 

» — < 

a 

1 

oo 

LU 

CD 

nr 




1 — 

1 


<£. 

LU 

LU 



LU 


1— 

1 — 

LU 

t— 

i^j 


<c 

«=t 

CD 

"T" 

> i 

CD 

m 

m 


CD 

i 

i — i 

i 

i 

<c 

i— i 

i — i 

OO 

<=C 

«=c 

> 

1 

l — 

LU 

> 

> 

CD 

LL. 

m 

cn 

LU 

LU 

<c 


709 


Figure 









Cd 










LU 






c_> 




« 

CD 





HH 




z 

z 




< 

Z 



LU 

3 

1— 1 





o 


h- 

> 


1- 




_l 

C/3 

LU 

< 

< 

03 

< 




_J 

QC 

X 

UJ 

X 

UJ 

3 




1— 1 

LU 

h- 

X 


_J 

_» 




LU 

a. 



03 

u 

< 





> 

z 

o 

LU 

1—4 

> 




=3 

X 

1 

1- 

O 

X 

LU 




LL. 




a 

UJ 






a 

03 

>- 


> 

Q 




O 

z 

LU 

1- 

>- 


z 




t- 

< 

CD 

»— 1 

i- 

UJ 

< 






< 



1- 


1- 



LQ 

cj 

CD 

•— t 

_l 

LU 

CD 

X 



CO 

►—i 


03 

> — 4 

_1 

Z 

CD 



CD 

z 

Z 

< 

CJ 

Q- 

1— 1 

l-H 



i — 1 

o 

1— t 

a_ 

< 

z 

L— 

_l 




C/3 

< 

< 

LU 

o 

< 

LU 



Z 

QC 

□c 

o 


o 

CU 


>- 



LU 

1 — 


LU 


03 

Z 

h— 



Q_ 

03 

LU 

X 

Q 

1 1 

• — * 



Q 

3 


X 

H 

z 



nu 


UJ 

03 

X 

h- 


< 

< 

a 

■ — i 


1 — 


h- 




c_> 

LU 

c_) 


o 

h- 

*— t 

Q 

- 

03 


i — 

ear 


3 

< 

3C 

LU 

03 

1- 

O 

CJ 

u_ 


q: 



Cd 

Z 

z 

z 

LU 



l — 

1 — 

03 

►— 4 

o 

LU 

< 

CU 

DT 


CO 

LU 

a 

3 

f — * 

z 


X 

C_3 


z 

< 

< 

a 

t— 

o 


LU 

Cd 


o 

Cd 

o 

LU 

►H 

CU 

03 


25 


o 

cj 

_i 

Cd 

Q 

z 

LU 

03 

, — s 


Cd. 



Z 

o 

DC 

Z 

go 

CNI 

C/3 

K— 1 

CD 

03 

o 

CJ 

3 

o 

UJ 

< 

< 

Z 

h- 

o 


I- 

1—4 

cd 

LU 

2 


t— 4 

Z 


_l 

< 

1- 


Cd 


z 

a: 

LU 

h- 

< 

DC 

t— 1 

oo 

3 

>■ 

o 

3 

z 

X 

DC 

LU 

a 

C=3 

CD 

i — 


03 

z 

CD 

3 

CU 

z 

<c 

*—* 


03 

< 

o 

• — • 

1 — 

Z 

o 

o 

LU 

_l 

a 

LU 

Cd 

_J 

CD 

UJ 

CJ 

1 



< 

z 

HH 

LU 

3 

H 




o 

o 


> 


Cd 


cd 

1— 


< 

_i 

Z 

Z 

Q 

\- 

a 

LU 

zxz 


u. 


»— 1 

LU 

LU 

03 

z 

Q 

<JD 



h- 



H 


< 

Z 

4 


I 

X 

Q 

LU 

< 

X 


3 

1 


o 

CD 

LU 

Cd 

_l 

y- 

03 


Ll_ 


a: 

i — i 

> 

3 

3 

o 

C3 

Z 



< 

_] 


t- 

z 

03 

< 

o 

(_> 


LU 

LU 

o 

< 

l-H 


O 

1—4 

Cd 


C/3 


> 

Cd 

03 

CD 

_J 

h- 

LL_ 


LU 

CD 

z 

LU 


z 


< 

£3 


CU 

Z 


CU 

Cd 

* — 1 

LU 

H- 






z 

LU 

1— * 

O 

Z 



C/3 

a: 

03 

LU 

Q 

03 


UJ 



a 

3 

z 

1- 

z 

LU 

03 

Z 



< 

03 

LU 


3 

h- 

1 — 

3 



o 

< 

_l 

Q 



CJ 

Cd 



_i 

LU 

03 

LU 

1 — 

LU 

LU 

1 — 




2 

O 

1- 

LU 

O 

LU 

03 



f— 


Cd 

< 

< 


LU 

Z 



X 

LU 

CL 

> 

Cd 

>- 

LU 

1—4 



CD 

O 


UJ 

o 

h- 





#— 1 


LU 

_i 

Cd 

i— i 

Q 

03 




h- 

X 

LU 


_J 

LU 

Q 



LU 

Z 

h- 


< 

HH 

Z 

< 




LU 


CD 


03 

»-H 

O 



LU 

z 


z 

Q 

< 

03 

_l 



X 

LU 

- 

t— 1 

< 

CU 

Z 




1- 

Cd 

03 

y- 

O 

< 

o 

1- 





a 

_i 

_1 

cj 

CJ 

X 




3 

LU 

3 




CD 




O 

LU 

03 

Q 

UJ 

LU 

t— 1 




LU 

CU 

LU 

Z 

X 

X 

_l 




Cd 

03 

Cd 

< 

t- 

1— 

LU 


710 



DFRC FLIGHT LOADS RESEARCH FACILITY 



Figure 



DFRC FLIGHT LOADS RESEARCH FACILITY CAPABILITIES 

(figure 3) 



















< 









X 





m 

X 





X 

2: 

0 








X 





CO 

< 

CO 

| 


1 

X 

X 

X 

X 







X 



CO 

1 

X 

0 

1 — 1 

21 

X 

X 

1- 

0 

< 

0 


o 


LL. 



X 

X 

CD 

< 

0 

X 



O 

X 

< 

X 

X 


1 — 


•— 1 


o 



< 

< 

X 

X 

< 

a 

< 

CO 

O 

< 

X 

*— i 


a 

0 


_J 

I 




X 

1- 

1—4 

X 


ZD 

h- 

X 


H- 

X 

X 

X 

X 

3 


ZD 

! 

> 

LU 

CD 

0 

HH 

1— 

< 

< 

a 

< 

H 

X 



X 

X 

X 

a 


< 

►— i 

1— 

pq 

O 


CD 

< 


\- 

CO 

a 

1—4 

X 

O 

X 


L— 

3 

X 


cx 

< 

LU 


X 

X 

►H 

X 

X 

< 

X 


CO 

1- 

* — 1 

X 

X 


CO 

0 


Q 

u_ 

X 

z 

< 

0 

Q 

X 

X 

Q 

< 

X 



1 — 

X 

X 


< 

CJ 


>- 


< 

< 

X 

< 



0 


X 

X 

X 


X 

1— 

>— 1 

CO 

X 



X 

CO 

co 

o 

< 

X 

< 

CO 

N 

X 

h- 

0 

X 

- 

X 

HH 

X 

1 — 

2: 

1— 


o 

ZD 






►H 


X 


3 

1- 

X 

CD 

X 


CO 


CO 


cc 

o 

LU 

co 

X 


CO 

X 

X 

h- 

CD 

Q 


X 

< 

' — ^ 

< 

X 

X 

X 


1 — 


X 

X 

< 

- 

►— 4 

\— 

0 


CD 

CO 

2: 

1- 

2! 



1— 

X 

1— 


o 

LU 

|— 

2! 


X 



DC 


1 — 1 

X 

0 

3 


Q 



1— 



LU 

^ : 


< 

CO 

0 

2: 


1— 

- 


< 

X 

X 

O 

X 

CO 

CD 


X 

- 

_J 

X 

LU 

_j 

I— 1 

cc 

X 

- 

X 

1 — 

O 

X 

X 

2: 

3: 

>- 

X 

X 

X 

X 

X 

LU 

X 

CC 



1— 

1— 

2; 

0 

CO 

h- 

H 


0 

h- 

< 

X 

1 — 1 

X 

1— 

CJ 



ZD 

N 

t— 

X 

CO 

X 

0 

X 



X 

CJ 


X 

1- 

1- 

X 


X 

LU 


co 

1— 

CO 

0 

>- 

1 — 


1- 

X 


< 


X 

X 

1- 

< 

3: 

CO 

< 

X 

a 

X 

CC 

DC 

0 

CO 

CO 

1— 


ZD 

- 

X 

X 

0 

CO 

0 

X 

1 — 

X 

X 

1— 

X 

h— 4 

< 




>- 

X 

X 


< 

CD 

< 


►—4 

X 

X 

X 

X 

CD 


o 



LL 

CD 

CD 

CO 

X 

X 

X 

1- 

*— 4 

1- 

X 

Q 

X 


CQ 

CQ 



C£ 

O 

<3 


X 

X 


Q 

CD 

h- 

< 

CO 

►— 4 

X 


1 

CD 


< 

X 

m 

h— 

|— 


X 


1 — 4 

X 

X 

X 

< 

a 


CD 

0 

X 

>— 

X 

X 

X 

X 

LU 

X 


<3 

X 

1— 

1— 

0 

X 

>— i 

Q 


DC 

►—4 


CQ 

>< 

4—4 

0 

X 

0 

CX 

o 

2 

LU 

I— 

<c 

< 

cc 

X 

CO 

O 

X 

X 

Q 

X 



1 

X 



LU 

o 

LU 

CC 


X 

X 

\- 

X 


2 

0 

CJ 


0 

D- 


O 

X 

CO 

X 

X 


|— 

< 


X 

X 

X 

a 

< 

s: 


3 

Q 


< 

1 — 

3 

X 

ft 

1— 


Q_ 

co 

CC 

. 



0 

X 


0 

CO 

Q 

X 

CD 

21 

ccz 

a 

X 

X 

►—4 

Q 

o 

>- 

LL 

CO 

X 

Q 

0 

1— 1 

X 

0 

X 

CO 

X 

X 


cx 

X 

X 

h- 

s. 

LU 

o 

m 

X 

2: 

0 

X 



0 

CJ 

X 

X 

X 

»—« 

1— 


0 

X 



N| 

X 


►—1 

X 


0 

a 

CNI 

X 

< 

X 

< 

CO 

a 

< 

< 

0 

t—t 


1— 



IS) 


1— 

CO 

0 

X 

1 — 1 



X 

X 

1 

X 

X 



Q 

“ 

CO 

cx 

Q 

z 

CD 

CO 

X 

X 

< 

i_n 

X 

X 

< 

h- 

X 

0 

I- 


X 


CO 

X 

<£ 

LU 

►— * 

X 

>- 

X 

CO 



X 

< 

X 


CD 

CJ 


CO 

X 

X 

X 

1— 


CO 

Q 


CO 

X 


X 

0 

3: 

0 

CJ 

X 

ft 

X 

< 

1 — 

X 

X 

0 


X 

o 

< 

CO 


X 

X 

0 

h- 

0 



X 

X 

X 

1— 

X 


h- 

*- — 1 

CD 

X 

X 

o 

X 

X 

< 

X 

l — 4 


X 

X 

CD 

H- 



< 

< 



h— 

X 

CO 

o 



0 

X 

H 

1 — 

X 


0 

CD 


< 

X 

a 

X 


X 

< 

1 — t 




CO 

cc 

0 


►— « 

X 

X 

1— 1 

CNI 



0 


ID 

“ 

0 

0 

1 — 

LU 

LL 

LU 

1— 

1— 



CO 


< 

X 

1 — 1 

- 

Q 

X 

X 

X 

X 


0 

< 

(X 

o 

X 

CO 

X 

•CJ" 

• 

1-4 

CD 

0 

3: 


> 

X 


0 

*— 4 

X 

> 

X 

X 

< 


1— 

LU 

0 

CNJ 

CO 

X 

X 

ft 


X 


< 

< 


X 

X 

< 


X 


CO 


L— 

0 


1— 

a 

»-H 

X 

X 

X 

X" 


1- 

CO 

h- 

X 

X 

X 


>- 

X 

o 



CD 

1— 

0 

X 

h- 

0 

Q 

+1 

21 

< 

X 

co 

0 

X 

0 

X 

1— 

LU 

H- 

CD 

CD 

X 

< 

< 

X 

CJ 


X 


X 

Q 

X 


CO 

CO 

X 

X 


Z 

Z 

X 

X 

1 — 1 

3: 


0 

X 

X 

< 

0 

1 — 


X 

X 


• — • 

1— 

< 

_1 

X 

*— * 

1 — i 

►—*1 

Q 

0 

< 

X 

X 

0 

X 

1- 

CO 

X 

X 

0 

> 

Q 

X 

CJ 

►—i 

< 


L— 

1— 


X 

H- 

1— 

X 

< 



> 

< 

< 


1 — 


0 

CO 

CJ 

X 

o 

< 

< 

> 

ft 

< 

X 


X 

> 

> 

CO 

1- 

X 

21 


< 

CJ 


< 

o 

LU 

LU 

X 

0 

ZC 

Q 

0 

X 


X 

2: 


►—4 

CJ 

X 

X 



X 

|_1_ 



X 

X 

cc 



CJ 

0 

-> 

X 


X 

CD 


1— 

< 

>■ 

X 

CD 


CJ" 

< 



X 

CD 




CO 

0 

UN 

0 

t— 1 

X 

CO 

X 

CQ 

X 

X 

LU 

CNI 

CC 

—I 

0 


CD 

CO 

X 

CO 

X 

X 

+ 1 

DC 

Q 

X 

>- 

1 — 1 


< 

< 

X 


o 

< 

3: 

X 

1 — 1 


0 

1- 

1- 

X 


1- 


CQ 

CO 

2 : 

a 


X 

h- 

LL 

X 

CC 

1— 

0 


>■ 


1- 

1-^ 

X 

21 

X 

CD 

1— 4 


X 

X 

I— 



o 

DC 

X 



X 

1— 

>- 

< 

CO 

X 

O 

0 

X 

CO 

X 

X 

CJ 

< 

< 

LJL 


O 

t— 

X 

> 

0 

►—1 

1- 

2 


X 

X 

CJ 

1—4 

CO 

X 

I- 

< 



o 

CO 

CJ) 

0 

0 

1— 


1 

1—4 

< 

CNI 

1- 

X 


2: 

0 

h- 


X 

CO 

X 


|— 

z 

X 



> 

1— 1 

X 

CD 

I— 1 



X 

O 

X 


X 

X 

X 

0 

CO 

CO 

*— 1 

cc 

cc 

X 

1— 

0 

►H 

X 



CO 

< 

ID 


>- 

0 

X 

X 


LU 

»— 1 


t— 

X 

1— 1 

h— « 

< 

CQ 

2 : 

CO 

X 

X 

DC 

X 

CNJ 

CQ 

»— 0 

X 

3 

CO 

HH 

CO 

LU 

CO 

X 

CQ 

X 

LL 

< 


< 

< 

CD 

H 

•— H 

CD 


1— 


1- 

3 

\— 

z 

DC 


1— 

< 

►— « 


X 

CD 

X 

CJ 

X 

X 



/ — N 

< 

X 

< 

|— 

l-H 

o 

< 



X 

CQ 

LU 

< 

CNI 



< 

X 

X 

X 

1 — 

CJ 

CQ 

X 

< 


CJ 


. 

X 

< 

< 

X 

CJ 


s: 

rs: 

X 

0 

X 

X 

CO 

•— 1 


X 

1 — 

►— « 


co 

CO 


0 

X 

H 


X 

X 

X 



1- 

< 

X 

X 

>- 

X 

CO 

CQ 


X 

LU 

X 


< 


X 

0 

1 — 

1 — 

X 

X 



H- 

3 

< 

2 : 


< 

LU 

o 

X 

1— 

< 

CJ 

CJ 

X 


CO 

CO 

•— < 

X 

co 

X 

1 

2 : 

2 : 

X 

X 

CL 

h- 


CD 

►H 



Z 

1- 

X 

>- 

> 


!— 

1— 

X 

1— 

2 : 


1— 

X 

< 

CO 

CO 

4—1 

2 

X 

DC 

1— « 


< 

CO 

CO 

Q 


< 

X 

CO 

0 

> 


1- 

o 

> 


X 


h- 

X 

M 

co 

h- 



X 

O 

2 : 

X 

0 

CJ 

< 

Q 



CO 

> 

LU 

Q 


S 

1 — 1 

< 

O 

X 

X 

Q 

1- 

X 

h- 

X 


X 

X 

co 

LU 


o 

> 

X 

3: 

O 

X 

X 

h- 

0 

< 

X 


0 



< 

X 

2 : 

CO 

X 

<3 

(X 


1— 


X 

1 — • 



HH 

1- 

O 

Q 

X 


X 


CO 

2 ; 

X 

H- 

X 

X 

1— 

CJ 

2 : 


1- 

s: 

< 

H 

0 

CJ 

X 


- 

0 

X 

* — * 

< 

CO 


1—4 


X 

X 

X 

< 

X 

X 


• — i 

1- 

X 

> 

X 

CO 


0 

0 

X 

CO 


Q 

LU 

CD 

X 

i — 



1 — 

X 

CO 


X 

< 

X 

H- 

X 



CD 

< 


< 

LJL 

1— 1 

X 

CO 

CO 

X 

CO 

1- 

ft 

X 


X 

1- 

*— * 

2 : 

Q 

1 — 

0 



o 

< 

X 

0 

> 

< 

X 

>- 

►—1 

ZD 

X 

X 

X 

3 

X 

*— 4 

X 

cc. 

X 

0 


X 

CO 

LL 

CJ 

CO 

X 

0 

<0 


a 

1- 

CQ 

X 

X 

3 

1- 

< 

cx 

X 

1— 


712 


DFRC FLIGHT LOADS RESEARCH FACILITY CAPABILITIES 


<c 

-=r s: 

h— I 




+ 1 





DC 



CD 

UJ 



l— 

h— 



> 

pr 



2 

CD 




i — i 



LO 

l_ 




<C 



+ 1 

CD 




t-H 



!y~ 

2Z 



CD 

DD 



QC 

SI 



LL_ 

SI 




CD 



GO 

CD 



UJ 




CD 

> 



21 

DC 



«=c 

UJ 



DC 

1— 







j__ 

» — i 




DC 



UJ 

CL- 

sr 


s 


UJ 


UJ 

UJ 

1 — 

1 

CD 

y 

CO 

UJ 

ZD 

►—1 

>- 


GO 

1 

GO 


>cC 




UJ 


t ) 

DC 1 

SI 

GO 

». — i 

CD <C 


DC 

— 1 

1 

"T* 

UJ 


QC CD 

CD 

1 — 

<C 

UJ 1— 

*=c 

| 

DC 

Q_ 

UJ 

CD 

CD 

GO 


1 

>- 

GO 1 

GO 

CL. 


f— — j 

1 

1 

CD 

( — «=t 

UJ GO 

>- 

dc 

<C 3: 

•J 1 — 

X 

1 — 

3= <£ 

, 1 


CD 

CD CD 

<£ 21 

-\ 

UJ 

1 UJ 

zr: zd 

1 — 

1 

— < si 

CD 

CkC 

UJ 

xi 

UJ 

CD 


CD 

CD CL. 


1 

CD CXI 

CD *=C 


CD 

CD 

i — 1 | — 

<X GO 

DC 

i — 1 s — 


|__ 

t — 


X CD 

«=C DC 

— 

X SI 

1 4 

CD «=C 

CD 

UJ 

GO 1 — 

ZD 

CD 

si i— 

UJ UJ 

CD CD 


UJ GO 

1 — 31 

UJ D_ 

Q_ 

i — >— 

i — ■ CD 

>- ; 

CD 

GO GO 

GO <=t 

<r ac 

CD 

>- 

SI 

-J i— 

1 

GO — 1 

21 

CL. GO 

l 

«=t 

CD OJ 

GO 

CD 

CD 1 — 

i — i 

i— 4 X 

UJ 

CD •— < 

1— X 

CD 

CO 

— 1 CD 

i -t 

GO 

CD 

<t — . 

GO CD 

U_ UJ 

— 1 

2= CD 

• — i 2 : 

CD CD 

CD 

<c 

ZD > — ■ 

*— t 


1 -3C 

CD CD 

GO > 

1 

1 UJ CD 

CD DC 

— 1 Ul 

UJ 

uj 2 : — « 

<=C CD 

UJ CD 

1*21 

2T [ — - 

CD 


21 

21 <t 1 — ' 

<C UJ >- 

2 : >- 

<C 

<C CD GO 

1 DC <X. 

<c <c 


DC CD ■ — < 

«=C —I 

3Z 1 

CD 

CD CD 

CD <=C Q_ 

CD CL. 


CXI CD 

1 — GO 

GO 

CD 

-zr cd 

■=3— r- 1 CD 

N < . i 

CX] ■— < 

rsr 

<XJ 2= 

CXJ LO *=C 

i — 1 CD CD 

CD CD 

i — * 

V— 1 




CD 

I— 

<C 

*=C 


<C 

<c 

I— 

J— 


CD 

UJ 


«=C 


1 

DC 

CD 

CD 



CO 


713 


Figure 



DRYDEN FLIGHT RESEARCH CENTER HOT STRUCTURES PROGRAM 












CO 









Q 


1 



1 



X 









LU 

o 

H— 

o 


X 

t- 

>- 

X 









*— 4 

1— 

CO 

b- 


o 

< 

X 

X 

s: 








X 


X 


X 

o 


X 

< 

o 



X 






X 

b- 

i — 

o 



< 

X 

X 


X 

o 




< 

1- 

X 


X 

< 

X 

- 

a 


X 


CD 






X 

X 

X 

X 

s: 

X 

X 

1—4 

cc 



1 — 1 

CO 




x 

LU 

2 

< 



X 

X 

»- 

< 

1 — 


X 

b- 

LU 



o 

Q 

x 

1— 

CO 

< 

< 

Q 

1—4 

X 

CJ 



X 

Q 




»— i 

cj 

X 

< 


X 

>- 

X 

X 

< 


< 

X 

z 



t— 


o 

X 

2 

X 


X 

CJ 

CQ 

X 



s: 

3 



3 

LU 

QC 

s: 


o 

a 

Q 


X 

1— 


X 

X 




o 

x 


►— i 

1 — 


X 


1 — 

b- 

X 


o 

X 

Q 



_i 

LU 

X 

QC 

o 

CD 

a 

b- 

CO 


o 



3 

LU 



_i 

2 

< 

X 

< 

X 

< 

< 

o 

a 

CJ 


1 — 

CO 

Q- 



< 


o 

CU 

QC 

1 — 1 

X 


s: 

X 



X 

< 

o 



X 

CO 

1— 4 

X 

h- 

2 

03 

s: 


CJ 

< 


X 

X 

— 1 




(— 

DC 

X 

X 



< 

X 

X 



s: 

s: 

LU 



< 

cu 

X 


o 

X 

X 

X 

X 

< 

X 


X 


> 




LU 

s: 

QC 

cj 

X 

X 

CD 

I— 

> 

X 


o 

a 

LU 



CO 

CJ 

< 

o 


b- 

1— 

o 


a 

Q 


X 

X 

Q 



< 

X 


X 

cc 



X 

■x 

< 

X 


X 

a 




2 

o 

X 


X 

X 

X 

X 

1— 


X 


> 

1—4 

CO 




o 

H 

1- 

X 

o 

b- 


X 

X 



X 

> 

< 



CO 


QC 

X 

1— 


< 

h- 

X 

h- 

>- 


Q 

o 




UJ 

CD 

O 

X 

o 

X 

X 

co 

o 

1 — • 

X 



X 




_l 

X 

X 

o 

X 

o 

o 

X 

X 

2 

< 


X 

X 




cj 

h— 4 


X 

< 

1 — 1 

X 

H 

o 


X 


X 


LU 



1 — i 

2 

o 

o 


1 — 

X 


CJ 

X 

s: 


1- 

s 

1 — 



X 


1— 

cj 


cc 

o 

CD 


cc 

o 



X 

CO 



UJ 

LU 



s: 

o 

CJ 

X 

X 

X 

CJ 


co 

1 — 

>- 



> 

CC 

h- 

X 

<c 

X 

X 

►— H 

X 

1 — 



< 

co 

CO 




X 

o 

1 — « 

DC 


1— 4 

Q 

X 

CJ 

CD 


2 

>- 




o 

1— 

< 

X 

CD 

CJ 


< 

< 

X 

X 



CO 

LU 



t— — 4 

o 

QC 

co 

o 

►— 1 

o 

o 

X 

X 

• — • 


2 


in 



x 

X 

b- 


DC 

1- 

h- 

X 


1 — 

X 


< 

CO 

1— 



o 

X 

X 

Q 

X 

co 



Q 

CO 

o 


X 

1—4 




co 

1— 

o 

X 


1 — 1 

o 

Q 

X 


03 


CD 

X 




x 

CO 

o 

a 

1 — 

X 

CO 

X 

Q 

CD 



o 

b- 

“ 



UJ 



< 

co 

< 

X 

< 

< 

X 

X 


X 




cr 

x 

1— 

< 

X 

X 

X 

< 


X 

1 — 1 



X 


LU 



>- 

o 


03 

b- 

cc 


CD 

03 

2 

1 — 



- 

o 


UJ 

X 

X 

Q 




CO 

X 





X 

SI 



X 



X 

X 

co 

< 

< 

1 — 4 

X 

X 

>- 


X 

X 

CD 


3 

x 

cd 

Q 

X 

1— 1 


2 

b- 

X 

X 

03 


o 

b- 

CD 


CD 

o 

X 

QC 

1- 

X 

1— 


< 

b- 

b- 




co 

LO 
1 


1 — 1 

U_ 

1 — H 

< 


1— 

cj 

X 

X 



C3 


o 

>- 

1 — 1 


U_ 


CO 

2 

CD 


X 

X 

X 

X 

X 

X 


h- 

CO 




SI 


< 

X 

X 

cc 

CJ 


o 

o 

1 — 







< 

s: 


►— « 

o 

1 — 

1— 1 

X 



CJ 


h- 

X 




a: 

o 

X 

N 


CO 

1— 

> 

CO 

Q 

X 


X 

CD 




cd 

QC 

X 


X 

X 

X 

►— * 

b- 

X 

X 


X 

< 

O J 



o 

CL 

a 

X 

CO 

o 

< 

co 

co 

CJ 

1 — 


1 — 1 

CD 

CO 

o 


X 


> 

H—i 

cc 

CJ 


X 

X 

< 

CO 


a 


CD 

o 


CL 


DC 

b- 

X 


1 — 

X 

1— 

X 

X 


X 


1 — 1 

CD 



_ 

C3 

X 

o 

a 

CO 

1 — 


X 

o 


X 

X 



CO 

a 



cj 

X 

X 

X 

X 

X 

CJ 


CD 

»— 4 

o 

3 


LU 

LU 

"N 

X 


< 

1— 

X 

3 

X 



X 

< 

1 — 

4—1 


X 

LU 

h- 

o 

X 




X 


C3 


* — 1 

X 


LU 


X 

X 

X 

03 

X 

X 

CO 

X 

CO 

X 

X 



b- 

Q- 

CD 


b- 

x 

X 


b- 

CD 

HH 

< 

CO 

X 

< 


H 

co 

3 

CQ 


CJ 

cj 

CO 

X 


1 — l 

X 


X 

X 



X 





X 

o 

X 

X 

CD 

CO 

1— 

o 

CJ 

2 

a 


< 

X 

CO 

LU 


X 

X 

QC 

X 

X 

X 


CD 

CJ 


X 


1 — 

> 

LU 

IE 


(— 



cj 

1— 1 

a 


X 

X 

CO 

X 


X 

•— 1 1 

C£ 

1 — 


CO 

o 

< 

1 

cc 


- 

X 

CO 

X 

CD 


o 

b- 

3 




1— 


X 

X 

o 

X 

Q 


X 

* 


X 

»— 4 

1— 

o 


1— 


CO 

X 

Q 

(— 

X 

X 

X 

X 

CO 


s: 

o 

<c 

1 — 


o 

I— 

< 

cd 



CJ 

X 

o 

< 

X 


* — * 

< 

cu 



X 

cj 


X 


< 

1— ■* 



X 

C3 



X 

LU 

1 — 



< 



m 

b- 

X 

Q 

X 




X 

< 

Q_ 

CD 


CO 

DC 

_ 

CO 

X 

1 — 

X 

X 

o 

a 

X 


X 

CJ 

21 




b- 

LC 


X 

X 

> 

X 

• — t 

X 

X 


X 


LU 

QC 


X 

X 

QC 

< 

Q 

»— 1 


o 

CO 

a 

X 


h- 

X 

1 — 

1 — 


LU 

o 

O 


> 

X 

X 

2 

X 

< 

03 


o 

X 


3 


Q 

u 

2 

1 — 

X 

< 

CJ 


X 

X 




3 

1 — 

o 


> 



c_> 

Q 

s: 

X 

Q 

CJ 

03 

Q 

- 

X 

b- 

<1. 

o 


X 

> 

f— 

X 



< 

X 

X 


< 

>- 

X 

< 




Q 

LU 

< 

QC 

1 — 

X 

X 

< 

o 

C3 

X 

X 

t- 

X 

3! 




X 

X 

1— 

< 

1 — 1 

CO 


CJ 

X 


X 


X 

t— 4 

CO 



CD 

b* 

CO 


h- 

X 

b- 


a 

1— 

CD 


X 


<c 



X 


X 

CD 

X 

X 

X 

X 

< 

< 

X 


s: 

cu 

3 



< 

X 

o 

X 

< 


X 

X 

o 

X 

< 


X 

1 — 




X 

►—4 

a 

1— • 

2 

oo 

CJ 

1- 

X 

1— 

X 


1- 

CO 

<c 


714 




715 


Figure 







UJ 




_ 

UJ 








< 

CO 

X 





03 


< 



1- 





< 


UJ 


CD 


z 




_l 

z 

CL 

/—> 


co 

o 




►— 1 

CD 


1- 

m 

< 





< 

i— * 

< 

LU 



CD 




> 

to 



LU 

CD 

LU 




< 

UJ 

UJ 

CD 

o 

LU 

CO 





C3 

oc 

CD 


HH 

< 




z 


LU 

CD 

oc 

LL. 

03 




o 

1 

3 


o 

»— i 



X 



< 


m 

1 — 

i- 

■N 


CD 


CD 

o 


CO 

o 

z 

LU 


OQ 


UJ 

1-^ 

Z 

V-/ 

< 

LU 

OC 




to 

1- 

o 


LU 

Q 

o 


CD 


< 

t— 1 

1— 1 

s: 


►— l 

LU 


sr 


03 

oc 

CO 


(D 


LU 


, , 



o 

CO 

CD 

< 

CO 

OC 


*^r 


to 


1-^ 

CD 

o 

< 

LU 




< 

UJ 

s: 

m 

_l 

3: 

X 


CD 


3 

X 





1- 


i — i 



1— 

_i 

Ln 

_l 

CD 



zz. 


1 — 


< 

CM 

< 

z 

•s 


CD 


CD 


oc 


ST 

*— 1 

to 


CO 


< 

- 

3 

LU 

OC 

2 

< 


cn 


oc 

UJ 

1 — 

o 

o 


3 


LU 


l- 

z 

CD 


z 

LU 



Q_ 


z 

< 

3 

LU 


X 

X 


>- 


o 


OC 

CD 

< 

1- 

o 


D= 


CD 

Q- 

1 — 

=3 



03 





oc 

CO 

h- 

CD 

LU 



CD 


_1 

►— 1 

1 

►— * 

z 

O 

CD 





< 

o 

t- 

< 


Z 




UJ 


s: 

_J 


z 

*— t 

- 



3 

Ln 

oc 

< 

"\ 

o 

3 

z 

Ln 

LO 

X 

i — i 

LU 



» 4 


o 

H 


CD 

i 

X 

Z 

Csl 

1 — 

LU 

1— « 


i j 1 

O 

X 

1- 

< 

\~ 

oc 

X 

1— 

X 

UJ 

ry 

DC 




LU 

o 

1- 

< 


ZD 


CD 

< 

1 — 

\ 

Q- 


CD 

CD 

tn 

UJ 

z 


< 

03 


LU 

O 

Z= 

w 

i i 

X 

*— • 

z 


□ 

1 — 

O 

_J 

►— i 

1 1 

h- 

3 

o 



LU 




s ✓ 


1 


u 

CD 

< 

Z 

H 



u_ 

< 

CD 

LU 

CD 


CD 

< 

<c 


o 

H- 

UJ 

CO 

CM 

LU 

»— 4 

X 

h— 



_l 

CO 

X 

CM 

X 

CO 

1— 

1 


X 

UJ 

< 

1 — - 


1— 

LU 


LU 


o 

CD 

03 

LU 



CD 

OC 

CD 


03 




CM 

OC 


o 




CD 


CD 

s: 

< 

LU 

LU 

CeC 


CD 

UJ 

X 

CD 


LU 

X 


CD 


Z 

to 

o 

UD 


z 

1- 

CO 

LU 



O 

03 

IX 

X 



LU 



3: 

CU 


' ' 


h- 


OC 

<c 



o 

CD 


Ln 

O 

- 

3 

H— 


UJ 

oc 

Z 

CD 

CD 

O 

CD 

1- 

«=C 


X 

CL- 

HH 

LU 

i — 1 

OC 

UJ 

< 

CD 


H- 


3 

to 



CD 

OC 




UJ 



LU 

CD 

< 

LU 

z: 


u_ 

X 

LU 

2 

O 

z 

O 

Q- 

CD 


O 

l_ 

X 



I— 1 

_l 

z 

t — i 




1- 

CD 

UJ 

3 


UJ 

CO 


z 

oc 


CM 

DC 


X 

1— 

LU 


CD 

o 

QC 

f-n 

3 

LU 

_J 


CD 


i— * 

LU 

O 

Csl 

to 

X 

_l 

CD 



CO 


LU 


to 

1— 

< 

z 



LU 

< 


LU 

LU 


o 

< 



CD 

1- 

CO 

o 

OC 

LU 

*—* 





< 

OC 


0- 

O 

1— 

CO 



UJ 

CD 

LU 

> 



>— t 

ID 



X 


1 — 

f- 

CD 

< 

oc 

< 



1- 

Z 

UJ 

KH 

►— H 

LU 

a 

O 




CD 

s: 

CD 

z: 

OC 


_J 




►— « 

< 

O 

< 

< 

i— 





CO 

oc 

_l 

z 


CO 

LU 




UJ 

< 

LU 

> 

z 

o 

X 




CD 

0l 

> 

ID 

< 

z: 

1- 


716 



DESIGN DATA FOR DELTA WING X-15 AND HYPERSONIC WING BOX 





CD 


LU 
Cd 

Z LU X 

>-i Cd V- 

> LU < 

O 3 z cd 

_l LU 




Q. 

CO 

u 

CL 



s 

< 

LU 

S 



LU 

3: 

LU 

UJ 





1 — 

1— 



X 

LU 

CO 




o 

cd 


2 



PQ 

X 

CO 

O 




f- 

CO 

O 



1 

CJ 

LU 

cd 



u 

X 

u 




LU 

Cd 

z 

1— 



o 

i- 

1 — 1 

< 



1 

co 

< 




LU 


h- 

CO 



u 

CO 

co 

1 — 



CD 

►H 


CO 



z 

X 

UL 

LU 



1 — * 

1- 

o 

I- 



CD 








CO 

CD 



CO 

- 

u 

Z 

LU 


1 — « 

CO 

LU 

1—4 

ad 


x 

PQ 

z 

Q 

-=x. 


(- 

LU 

< 

< 




3 

CL 

O 

3 


u_ 



_] 

ad 


o 

Q 

Q 


<C 



z 

LU 

h- 

zcz 


Q 

< 

Q 

z 



LU 


< 

LU 

X 

s — s 

h~ 

CO 

UJ 

Q 

CD 

CD 

CO 

oc 

PQ 

z 

P=) 


t — i 

<C 


LU 

1 

LU 

CO 

o_ 

_J 

CL 

LD 

Cd 

z 

CO 

< 

LU 

Z 

ZD 

o 


Z 

Q 


CD 

o 

Q 

o 

z 

3c 

►— 4 


UJ 

— 1 



U- 

z 

H 

I- 


C_D 


LU 

< 

1— 1 

oc 

I- 


Q 

CD 

Q 

o 

•?* 


>- 

X 

Q 

LL 

o 


oc 

Cd 

< 


CO 


Q 

cd 


1 — 

cc: 



O 

UJ 

o 

LU 


o 

U 

UJ 

< 

Q_ 


h- 


Cd 

Cd 

>- 



CQ 

X 

1— 

ZJZ 


o 

z 

1- 

z 



LU 

< 


o 



Cd 



CD 



LU 

1- 

- 




> 

cl 

1 — 1 

LU 



1—4 

LU 

-=r 

X 



_J 

CD 


f- 



LU 

z 

-LU 




Q 

o 

z 

Cd 




CD 

LU 

LU 



LU 


cd 

Q 



Cd 

_l 


Z 



< 

LU 

X 

X 



3: 

Z 

1- 




Q 

< 

1-^ 

Q 



Cd 

CL 

3c 

LU 



< 



ca 



X 

« 

Q 

1—4 




LU 

LU 

> 



LU 

O 

h- 

O 



X 

< 

< 

DC 



1- 

LU 

CD 

CL 




PQ 

1— t 






QC 

O 




LU 

PQ 

CO 




X 

< 

_J 




(- 

LL 

< 


718 




719 





CO 

Q 




1 — 

LU 




CO 

O 




LU 

LU 




1- 

LU 





o 




Q 

X 




< 

LU 




O 





_l 

CO 





a 




LU 

< 




QC 

o 




3 

u 




CO 





CO 

LU 




LU 

QC 


GO 


QC 

3 


1— 


Q_ 

U 


1 



*— 1 


x> 


u 

< 


CO 


< 

u_ 


LU 


s: 



CtC 


QC 

LU 




O 

X 


1 — 


z 

H- 


CO 





LU 


Q 

> 


1 — 


Z 

LU 




< 

CO 


1 



< 


LU 


•N 

c_> 




Z 



<c 

/ — \ 

o 

X 


o_ 


»— 1 

o 




CO 

< 


Q 

LU 

CO 

LU 


LU 

QC 

LU 



Q 

3 

QC 

z 


«=C 

to 

Q. 

»— ■ 


LU 

» — * 

s: 



PQ 

LL. 

o 




' / 

o 

— 


LU 



LU 


etc 


-\ 

QC 


=3 


QC 

LU 




< 

X 


S 


LU 

X 

z 


LU 


CO 

3: 


Q_ 



o 


sc~ 


LU 

X 


LU 


z 

CO 

- 

1— 


< 


CO 



u 

LU 

Q 



o_ 

QC 

< 

O 


z 

< 

O 

o 


HH 


U 

etc 



CO 




U_ 

u 

LU 



o 

LU 

h- 




z 

< 



CO 

< 




1— 

a. 

l-H 



u 


H 



3 

a 

U 



CO 

LU 

3 



LU 

a 




QC 

< 

Z 




LU 

to 



LU 

CQ 

1— 1 



X 


CO 



1- 

LU 

LU 




X 

a 




H 






LU 




z 

X 




o 

1- 


720 



ROOM TEMPERATURE BEADED PANEL TEST RESULTS 




o o 
z z 
ITS o 


GO 0£ 
GO C 


COMPRESSION 1930 N/CM (1100 LB/IN.) 2360 N/CM (1350 LBMNJ/D I AGONAL 





LU 




Q 





CO 




LU 





O 

CO 


CC 

3 





x 

CO 


O 

3 

LU 




t- 

LU 


LU 

< 

X 

CD 




2 



1 — 

t- 

2 



LU 

LU 

XC 

n 

CO 


t— 1 



O 

LU 


< 

2 


CC 




*— • 

CD 

o 

►— < 

3 

1— 1 



2 

1— 

CXD 

_ i 


< 

2 



LU 

CO 

LO 


2 

CC 




LU 



LU 

LU 

LU 

3 



1 — 

LU 

O 

L— 

LU 

2 

CD 



cc 

o 

1- 

< 

CQ 

LU 

< 



►— < 

a: 


s: 


CD 

CD 



X 

o 

1 — 

»— i 

Q 





t — 

LU 

CO 

i- 

< 

2 

2 





LU 

_i 

X 

►— i 

H— HI 




LU 

1 — - 

3 



< 



- 

s: 



h- 


CC 



LU 

»— i 

< 

2 

< 

- 

! — 


GO 

o : 

H 


CD 

X 

✓ N 

CO 


1 — 

3 


CD 

hH 

1— 

LU 



1 

1 — 

_1 

2 

CO 



3 


m 

CD 

< 

*— » 

LU 

CO 

O 

X 


CO 

3 

LU 

DC 

a 

LU 

CD 

h- 


LU 

CC 

a; 

3 


CD 

CD 



cc. 

1 — 


O 

LU 

< 

Csl 

X 



CO 

< 


X 

CD 

r— 1 

t~ 


Y— 



a 

1- 


' — ' 

»— i 


oo 

X 

CD 

LU 


2 


2 


LxJ 

O 

2 

_i 

LU 

HH 




1 — 

CQ 

►—i 

i — i 

> 

< 


CO 




CO 

< 

o 

cc 

CX 

s 


X 

LU 

3 

LU 

PQ 

1 — 

CNI 

3 


cd ^ 

X 



< 

co 

CT> 

3 


CQ OO 

H- 

CO 

X 




CQ 



LU 

o 

1 — 

LU 

O 

O 


C3 LU 

2 

CC 

CD 

2 

CD 

1- 

CC 


■ — i cc 

O 

3 


LU 

2 


Cl. 


ST 3 


_1 

LU 

CD 

< 

co 



CD CD 

Q 

j — i 

X 

CC 

h- 

H 

3 


OO ■— 

LU 

< 

h- 

LU 

*— * 

c o 

s: 


DC LU 

1- 

lu 


0- 

CD 

LU 

o 


LU v-x 

CD 


lu 


< 

1 — 

CO 


Q_ 

3 

O 

O 

CD 

CL 




>- 

Q 

LU 


OJ 

< 

2 

b~ 


DC 

2 

h- 

3 


CD 

i — * 

3 



O 

< 

LU 

>- 



CQ 


1— 

CD 

CD 

2 

J 


a 





t— 1 

< 

LU 

- 

LU 



<a; 

LU 

Q 

a. 

1- 

LU 

M 

X 


CD 

cc 

2 


< 

CC 

i — i 

3 



LU 

» — ( 

i — 

s: 

3 

3 

»-H 


LL_ 

2 


CO 

»— t 

1 — ' 

■ — i 

CC 


) , 


O 

LU 

X 

< 

1- 

o 



CO 

h- 

1— 

o 

oc 

3 

f~ 


CD 

1- 



cc 

LU 


cd 



co 

1- 

a 

a. 

CL 

LU 

< 


OO 

LU 

3 

LU 

a. 

s; 

DC 

3 


I- 

O 

Q 

< 

LU 

3 

CO 





< 


1— 

2 

1— 1 



UD 

Q 

LU 

o 



1 



IO 

LU 

CQ 

< 

1- 

3 

< 




1— 1 


o 

< 

3 

CO 



U_ 

cc 

LU 

3 

X 

2 


a 


O 

a: 

X 


1 — 

< 

Q 

3 



< 

1— 

< 


O- 

3 

1— » 



o 



1 — 


1- 

LL- 


< 



1- 

< 

1 — 

< 

1— 1 


1- 

LU 

- 

< 


CO 

CC 

t- 


O 

cc 

LU 


1 

3 

3 

2 


1— 

LU 

3 

. 

LU 

h~ 

3 

3 



3:: 

<3 

LU 

2 


o 

Q 


< 


i — i 


< 

3 


»— 1 



CO 

2 

O 

Cl- 

X 

CO 




1 — 

X 

CD 


1- 

3 

3 



CO 

CD 

LO 

uj 


CD 

CC 



LU 

LU 

LO 

X 

2 

< 

3 



! — 

1— 

— ' 

1— 

O 

CD 



722 



SIGNIFICANT HYPERSONIC BOX TEST RESULTS 




UJ 






CD 






CD 






*— • 












DC 






CD 


CD 


X 

cd 

UJ 


UJ 


CD 

UJ 

4— 


CO 


CQ 

i — 



CD 



<c 

CO 




UJ 

C_J 

CO 


CO 


~T~* 

HH 

UJ 


UJ 


1— 

CD 

sc 


CJD 




u_ 

UJ 

«ac 




u_ 

4— 

CJD 


CD 


1 t 





CD 

1 — 

s 



CD 

t— 

CO 

1—4 

1— 1 


UJ 


1 

(— 

<c 


h— 

»— 

UJ 

1 

o 2 


CD 

CD 

CD 

CD 

l — 


CD 

O 

oz 


CO 


CD 


CD 





CD 

u_ 

CJD 

UJ 


CD 

UJ 


* — i 

CD 


CD 

> ■ i 

UJ 

CO 

2Z 



QZ 

sn 

UJ 

<C 


UJ 

ClZ 

1— < 

(ZD 

1— 


QZ 

<C 

t— 


i - < 


UJ 

c > 


CD 

CD 




1 

UJ 

<c 



UJ 

<c 

CD 

Q_ 


CO 

oz 

UJ 

UJ 

<C 


1 — 

UJ 

CSC 

UJ 

CD 

, s 

CO 

3c 


CD 


u_ 

UJ 


<c 

X 

UJ 

o 

1 — 

CO 


UJ 

OZ 



l — 

CD 


ZD 

CD 

UD 

co 


UJ 

t— 

CD 

N"> 

UJ 

> ■■ H 

OZ 

<c 

04 


1 — 

CO 

CD 

OZ 

i — 1 

u_ 


1 

1 

UJ 


o 

UJ 


I— 1 

Q_ 



DC 

CO 

<c 

sz 


1 

1 — 

UJ 

LU 

UJ 


<t 


OZ 


1— 

04 

1 — 

u_ 

ZD 

1 


04 

o 

CD 

1 

UJ 

~1~ 

C T> 

h— 


1 


CD 



N"\ 


<c 

i — i 

1 — 


i— 1 

u_ 

Q_ 


<c 

• 

• 


• 

• 



723 


Figure 



TEST SETUP FOR HWTS 





CO 



X 





1 










2 : 

< 



H* 





< 

1 

2 

2 



CO 



I— 

o 

3: 



HI 





X 

X 

< 

0 



1 



C/5 

i — < 


Q 


2 


- 



X 

0 

X 

0 


2 

X 



LU 

i— 

CL 

LU 

1 


X 

CO 

H 


X 

1- 

CD 

X 

CO 

X 

z 



H— 

< 

X 

> 

z 

CO 

< 

X 

z 

X 

2 

H — 1 

0 


< 

X 

<c 




X 

J— 

O 

o 

X 

o 

0 

X 

X 

X 

z 

X 

H 

X 

< 

X 



CD 

LU 

LU 

s 

u 

X 

I — 1 

< 

2 : 

1- 

1- 

0 

X 

< 


0 




Z 

_1 

CO 

LU 


•— H 

1 — 

X 

X 



2 



X 

t— « 

X 



»— i 

LU 


X 

2 

X 

X 


0 

X 

Q 


CD 

CO 

X 

1- 

< 




CJ 

h- 


X 

o 

X 

CJ 

< 

0 

z 

1 — 

z 

Q 

X 

1— 1 

X 




CJ 

CO 

x 

t— 

CC 

> 

1 — 1 

X 

X 

< 

CO 

1 — 1 

< 

1— 

X 

X 



O 

< 

LU 

o 

z 

CL 


X 

X 



X 

1 — 

0 

CJ 

0 

PQ 





1— 


X 


Cl 

X 

CO 

Cl 

z 

f- 

CO 

X 

X 


X 



z 

_l 


LU 

Q 

X 

z 

< 

t— 1 

X 

0 


X 


X 

1 — 

1- 



o 

< 

LU 

cj 

z 

CC 

< 

X 

a 

f— 

»— 1 

X 

1— 

X 

1 — 

CO 




CO 

2 

X 

< 

X 

X 


Q 


z 

1 — 

0 


h- 

CO 

0 

C) 



C£ 

CC 

1— 

X 

X 

1- 

X 

>- 

1 — 

X 

0 

X 

X 

< 


2 

X 



LU 

o 


X 

X 

< 

< 

X 

X 

2 : 

X 


X 

2 

CD 


0 



Cl. 

z 



Q 

CC 

H 


0 

X 

X 

Q 

\- 

1— 1 

z 

X 

z 



>- 


_ 

z 

z 

X 

z 

CD 

X 

X 

X 

z 


1— 

H — 1 

X 

< 



x 

< 

/ S 


1 — 1 

X 

o 

CNI 

X 

1- 

X 

< 


X 

3 

f— 

> 





CNI 



s: 

N 


X 

co 

Cl 


- 

X 



Q 



LU 

X 

h- 

Q 

CD 

X 

H— 1 

X 

CO 

z 



■cr 


X 


< 



X 

1— 

X 

LU 

oo 

H 

X 

0 


I — 1 


< 

CNJ 

z 

X 

- 




|— 



X 



o 


0 


z 

1— 

00 

CD 

1— 

1— 

X 




3: 

cq 

X 

CO 

CO 

X 

X 

1— 

CO 

1 — * 

< 


1 — 1 


X 

1- 



CO 


□ 

o 

X 



CO 


< 

< 

Cl 

CO 

CO 

X 

X 

•— * 



< 

oo 


DC 

CO 

X 


X 

(X 

3 

X 


< 

X 

0 

0 

3 





CD 


X 

o 

- 


X 


t- 

z 

3 

Cl 


z 





X 

LT\ 

LU 


< 

/'■'S 

X 

co 

CD 

co 

CD 



CD 

0 

Q 



SI 

cj 

12. 

PQ 

2 

s 

X 

X 

X 

z 


f — 1 

co 

Cl 

z 

CJ 

X 



< 

< 

r-H 


X 


o 

f- 


►— < 

X 

CO 

X 

z 

1— 1 


CJ 



QC 

2 


Q 

1- 

Q 



CO 

3 

0 

X 

X 

< 

1- 

X 

<t 



C3 



X 

co 

X 

CD 

X 

< 


X 

Q 

z 


co 

X 

X 



o 

(— CNI 

X 

2 

CC 

CD 

CD 

3 : 

X 



z 


X 

z 

X 



QC 

< 

2 

o 

co 

b—A 

cn 

X 


X 

"\ 

Cl 

< 

X 

1— 

< 

X 



Q_ 



cj 


X 

1 — 1 

0 


1 — 

1- 

z 

X 

X 


X 

X 


CD 


LU 

z: 


CD 

<3 

' — ' 

X 

CD 


z 

< 

0 

X 






CC 

CO 

z 

co 

z 

X 


X 

z 


X 



H- 

- 

Q 

z 


LlI 

X 

1 1 


CC 

*— « 

CC 


1 — 

» — 1 

- 

2 

CO 

< 

< 

X 

X 

X 


CC 

o 

X 

oo 

LU 

1 — 




3 : 

CO 

X 

1 — 1 

1— 

X 

X 

Q 

X 


ZD 


CC 


1- 

< 

X 

o 

Q 


H- 

X 

CO 

< 

X 

X 

< 

PQ 


O 

X 

u 


< 

X 

X 

t — 1 

X 

X 

co 

X 

2 

a 

X 

1— 

LU 



i — « 

1 — « 


CO 

X 

X 

(— 

NN 

X 

X 

X 

co 

X 


2 

< 

PQ 

X 


u_ 


CC 


X 



i — 1 

co 

1- 

h- 

< 

< 

X 

X 

X 


> 

• 


Q 

o 

LU 


X 

X 


1 — * 



X 

z 

0 

1- 

X 

X 

< 

CO 


LU 

x 

O 

Q 

X 

Q 

X 

X 

X 

X 

2 

< 



X 

X 

X 

CO 


H 



LU 

(— 

» — 1 

o 

X 

> 

X 



X 

2 

2 

h- 


X 


CO 

a 

LU 

CC 


> 


2 : 

0 

X 

CO 

X 

X 

0 

X 


I- 

X 


LU 

LU 

CC 

< 


o 

CO 

0 

PQ 

f— 

Q 

1— 

PQ 

0 

1 — 

X 

0 

CD 


V— 

X 

X 

X 

- 

X 

X 

0 

< 

< 

< 

1 — ' 

2 

X 


H- 

0 

0 



CD 

CO 

X 

X 

X 

X 

CJ 


X 

0 

3 

X 


X 

1 — < 

X 

X 


LU 

►— « 

CO 

z 

X 


X 

< 

z 

X 

X 


z 

H 

X 

3 


X 


PQ 

c o 

LU 

►— 1 

X 

o 

1— 


3 

X 


X 


< 

> — > 


CD 




LU 

CC 


H* 

y~ 

< 

CO 

0 

2 

1- 

X 

X 


X 

Cl 

z 

z 


O 

Q 

CL 

X 

CD 


X 

►** H 

X 

X 

X 

< 

< 

CO 

0 

X 

H-H 

1 — 1 


H- 



CD 

X 

CO 

X 


CO 

1— 

CD 

X 

1— 

z 

X 

f— 

3 




CO 

CJ 

X 

X 

X 

X 

X 



•— « 

2 

0 

0 

X 

X 


2 


LU 

< 

t— ( 

< 

H 

z 

s 

X 


2 

X 

0 

H 

1— 1 


X 

X 

X 


QC 

3 

2 

X 

co 

o 

X 

X 

NC 

0 

X 

CJ 


1- 

00 

X 

X 

I— 


X 


< 



N 

1 — 

! — 

X 

0 



X 

< 


2 

1— 

z 


h- 

cd 

z 

O 

CD 



CJ 

0 

X 

CD 

0 

X 

X 

X 

0 


X 


o 

X 

2 

3: 

z 

X 

Cl 

X 

3 : 


z 

h- 

1- 

PQ 

0 

CJ 

CD 

X 


X 

hH 

Q 

h- 

t— -1 

X 

X 

X 

X 

CD 

HH 



HH 

< 


z 

X 


DC 

3 



3: 

X 

X 

H- 

2 : 

z 

> 

co 


X 

2 

2 

0 

X 


l— 


< 

t- 


f— 

1 — 1 

co 

< 

1 — 1 

Q 

1- 

- 

< 


X 

X 

CJ 


CO 

LU 


< 

X 

< 

X 


X 

X 

X 

z 

X 

0 

Cl 

X 

< 




X 

Q 

X 

X 

X 

CO 

X 

X 

X 

h- 

X 

0 


z 

X 


CO 


1— 

h- 

Z 

h- 

f— 

X 


X 


Cl 

co 

2 

X 

Q 

< 

X 

CO 

» — * 


X 


< 



X 

1- 

H- 

(- 



X 

1— 

< 


CO 

X 



LU 



o 

2 

2 : 

< 


X 

CO 

X 

X 

z 

0 

X 

CO 

X 

CD 


X 

_ 

CO 

CO 

o 

X 

X 

X 

X 

X 

0 

X 

0 

X 

X 

X 

z 

z 



LU 



CC 

1- 

X 

0 

(- 

X 


CO 

0 


X 

CJ 

< 

» — » 


LU 

CC 

CD 

Cl 

X 




CO 

CJ 

CO 

< 


Q 

H- 

CJ 

X 

H 


X 

X 


X 


Q 

2 : 

CD 

1— 1 

X 

X 

X 

o 

X 

< 

X 


co 


1— 

1— 

LO 

z 

2 

X 

X 

z 

z 

Cl 

CO 

2 

z 

Cl 

X 

CO 

a 

X 



cj 


CD 

X 

X 

2 : 

> — 1 

X 

CO 

0 


< 

X 

X 


X 

l- 



X 

CNJ 

►w 

H— 1 

X 

b—l 

a 


z 

X 

X 


X 

X 

z 

Q 




x 


CO 

CO 

o 

X 

< 

X 

< 

X 

X 

CD 

0 

2 

X 

< 

Q 



1— 

LU 

X 

< 

CC 

< 

CD 

X 

X 

X 

X 

z 

z 

X 

X 

0 

z 



CO 

O 

Q 

X 

h- 

2 : 

X 

t- 

1- 

X 

h~ 

»— ♦ 

1—* 

f- 

PQ 

X 

< 


724 






\ 








LU 








DC 

- 

LU 






3 

CO 

2 






_) 

1— 1 

< 




2 

_J 

i — i 

CO 

CL 




< 

LU 

< 

> 






2 

LL 

_J 

LU 




2 

< 


< 

2 




O 

CL- 

LU 

2 

< 






X 

< 

_l 




Q 

UJ 

h- 


CL 




LU 

X 


2 

1 




H* 

I— 

“•S 

< 

LL 




CD 


LU 

DC 

O 




3 


DC 

1 — 

1 




Q 

~ 

3 

CO 

V~ 




2 

LU 

U 

< 

3 




O 

cl 

4—1 

2 

O 




o 

3 

< 







1 — 

LL 

< 

LU 




CO 

CD 



2 




< 

3 

o 

o 

i — i 




2 

CL 

i — 

t— 

U_ 





1 — 



LU 




>- 

CO 

Q 

Q 

Q 


1 — 


Q 


< 

2 



CO 


3 

1 — 

O 

< 

O 


UJ 


1 — 

CO 

u 


1— 


1 — 


CO 

LU 


CO 






1— 

LU 

2 

Q 




< 


> 

O 

LU 


CD 



CD 

►—4 

i — i 

to 


* — i 



2 

CO 

1 — 

3 


CD 


to 

1— 1 

CO 

CD 



OO 


< 

2 

LU 

1— « 

to 


LU 

CD 

CO 


DC 

a 

< 


o l 

i— 1 

2 

CD 

CL 

LU 

2: 


CL. 


< 

i — i 

s 

CL 



•SL 

LU 

iL 

2 

o 

CL 

UJ 


CD 

DC 


O 

CD 


3 


C_D 

3 

LL 

CO 


2 

C3 



CD 

O 

CL 

< 

CD 

•—1 


1 

i — < 


LU 


4—4 

2 


LU 

U_ 

>- 

CL 

DC 

co 

X 


2 : 


f- 

>- 

LU 

LU 

CD 


<c 


•— 1 

X 

« 

a 

LU 


Cl. 


to 


2 


h- 




DC 

LU 

3 

X 



C3 


LU 

X 


i- 

LU 


LU 


> 

(— 

LU 

*—* 

CD 


C3 


♦—1 


DC 

2 

2 


<C 


2 

s: 

3 


1 — 1 


LU 


3 

o 

[_ 

a 

CL 


PQ 



QL 

< 

LU 

LL 




LU 

U_ 

CL 

CL 





2 


LU 

< 





1 — 

_l 

CL 

Q_ 

'LU 





LU 

s 

s : 

CL 




O 

2 

LU 

o 

t— 1 




h- 

< 

1- 

CD 

O 





Q_ 



s; 




1 — 


s; 

LU 





2 

a 

o 

CL 

< 




< 

LU 

o 

LU 





DC. 

a 

DC 

3: 





CD 

< 



CD 





LU 

1 — 

Q 

2 

- 



< 

OQ 

< 

< 

i— i 

CO 






O 

1 — 

2 



cl 

1 

Q 

_1 

CO 

o 



LU 

< 

LU 


LU 

1 — 1 



Q 

3 

! — 

Q 

1— 




2 

Q 

CO 

2 


< 



3 

►— 1 

LU 

< 

CD 

s 




> 

1 — 


2 

DC 






LU 

i 

O 




a 

CO 

Q 

CL 

LL 




2 

< 

O 

3 

LU 




►— ( 

2 

S 

Q 

Q 


726 



BEADED PANEL COMPRESSION TEST 



727 


Figure 10 



CD 







f— 

z 









z 

t — 1 









o 

Q 



_ 





| 

DC 

LU 



05 





Q 

U_ 

LU 


LU 

05 




Q 

LU 


Q 


X 

< 




< 

s 

Z 

O 


1 — 

_] 




O 

s: 

►— i 

cd 



CD 




_J 



Cl 

LU 

z 





1 


Q 


z 

o 

Q 




o 

Q 

z 


< 


1 




z 

LU 

< 

"■> 

_1 

LU 

QC 





h - 


LU 

CL 

CD 

CD 




< 

Cd 

LU 

CD 

1 

Z 






O 

> 

< 

LU 

t-H 

LU 




1— 

cl 

o 

LU 

o 

QC 

X 




< 

Q_ 

CD 

DC 

1 

LU 

1— 





X 

< 

X 

L— 






_1 

05 


05 

X 

QC 

2 




LU 


Q 


o 

< 

O 




z 

05 

LU 

_J 



QC 




< 

t— 4 

z 

LU 

LU 

X 

Lu 




CL- 


o 

z 

O 

o 






05 

1 — * 

< 


>— < 

LU 




UJ 

LU 

t— 

Cl 

LU 

1 — 

o 




X 

Z 



CD 

QC 

Z 




l— 

t— » 

05 

LU 

z 

< 

< 





_J 

o 

X 

< 

CL 

H 




z 


CL 

t— 

X 


05 




o 

_l 



C5 

< 

1—4 

nz 




LU 

05 

z 



a 

Q_ 



Q 

_1 

< 

o 

< 

CD 


<C 



LU 

—I 

3: 



Z 

t— 

cd 



X 

< 


a 

05 

o 

z 

CD 



05 

Cd 

LU 

LU 

t- 

_l 

< 

CD 



1— t 

< 

O 

C5 

Z 

< 

H 

1 — 

— \ 

/-> 

_1 

CL 

cd 

X 

LU 


05 

CD 


I 1 

m 


X 

a 

05 

05 

Z 

3Z 

CD 

T 1 

< 

LL 

o 

3 

LU 

L— 

o 

CL- 

<C 


i — 

O 

05 

DC 

QC 

Z 

o 


CD 

LU 

05 



CL 

CL 

i — - 


UJ 

1 

cc 

LU 

a 

1 — 


LU 

o 

< 

CD 


ZD 



X 

LU 

QC 

CL 



CD 

CD 

05 

DC 

CD 

Cd 



LU 

1— 1 

2S 

» — i 

< 

CD 

w 

< 

LU 

_J 

DC 

Cd 


Li_ 

3C 




CD 

— 1 

< 

LU- 

' — / 

" 


< 


05 

Z 

< 





1- 


< 

LU 

»— » 



LU 



< 

X 


CD 

QC 


o 

Cd 



X 

1- 

o 

Z 

LU 

- 

< 

t < 



f- 

•— 1 

z 

1— « 



LU 

CD 




s 

< 

QC 

1— 

- 

PQ 

SI 



z 



LU 

Z 

z 





QC 

05 

_i 


LU 

► — 1 

< 




LU 

05 

LU 

LU 

CD 






1— 

< 

Z 

O 

< 

oo 

LU 




1- 

_l 

< 

Z 

X 

-=r 

O 




< 

CD 

D_ 

LU 

Q 

CD 





CL 



DC 

< 

- 

iU 





< 

LU 

LU 


o 

< 




LU 


X 

LU 

Z 

' — y 

LU 




CD 


(- 

QC 

< 


CL 




Z 

- 


LU 


s: 





t— • 

Z 

LU 

h- 

o 

s 

LU 




OC 

3: 

O 

z 

1- 


X 




U- 

o 


KH 


CNI 

1 — 





X 

1- 


LU 

CNl 





-LU 

05 

z 


CD 

- 

05 




a: 


o 

- 

Z 

<— | 

< 




»— H 

05 

QC 


*— H 






O 

►— H 

LU 

LU 

QC 

LL 

X 




s 



Z 

LU 

O 

CJ 





Z 

Z 

< 



X 




LU 

o 

HH 

Q- 

LU 

LU 

05 




X 




Z 

C_) 





1- 

t- 

> 

LU 

o 

Z 

*\ 





HH 

_l 

X 


< 

_l 





Q 

LU 

1 — 

s: 

1 — ■ 

LU 





Z 

(— 


o 

05 

Z 





o 

< 

LU 

QC 

H-H 

< 





CD 

»— 1 

O 

LU 

Q 

Q. 


728 



MOIRE FRINGE PHOTOGRAPH 
(NO LOAD) 



729 


Figure 11 
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Figure 13 











QC 




ca 




< 




LU 




_J 




i- 

LU 

O 

- 

3 




< 

QC 

CO 

_l 

O 




> 

3 

u 

i — i 

»-^ 




LU 

CO 

< 

< 





U 

CO 


LL 

on 


1 


LU 

LU 



< 


LU 



QC 

- 

O 

CL 


z: 


QC 

CL 

QC 

1— 



<c 


O 


< 


CO 


Q_ 


LL 

O 

LU 

_J 

HH 





z 

X 

LU 

X 




Q 


CO 

z 

1- 


t i 


LU 

X 


< 





H- 

1- 

u 

CL 

QC 


CO 


< 

*— 1 

LU 


O 




U 

3c 

z 

LU 

LL 


C3 


3 


< 

X 



LU 


CD 

LU 

CL 

1- 

< 


C3 


u 

QC 



1- 


«=C 


< 

3 

LL 

Q 

< 


LU 


o 

K— 

O 

LU 

Q 


pa 



< 


3: 





LU 

QC 

z 

o 

Z 


c_d 


qc 

LU 

o 

X 

CD 


, i 


LU 

CL 

•—1 

CO 

►— H 




3E 

s: 

1 — 


CO 


o 



LU 

o 

< 

LU 


CO 


I- 

h- 

z 

l — 

ca 


CSC 


< 


3 

< 



LU 


X 

S 

LL 

a 

LU 


CL- 


h~ 

o 



X 


>- 



o 

< 

i — 



— r~ 


CO 

QC 


CO 




t— { 

LU 



LU 

z 


LU 


> 

Q 

CO 

h- 

o 


an 

1 1 1 

oc 

z 

< 




h— 

a: 

3 

<c 


LU 

ca 



ZD 

O 


ca 

X 

LU 


ac 

CD 


Q 

LU 

h- 

CO 


o 

HH 

z 

< 

i~ 


< 


LO- 

u_ 

o 

O 

i- 

X 

03 




1 — » 

u 

o 

CD 



CO 


1 — 


u 

•— » 

CO 


LU 


o 

LU 

CL 

X 

z 


> 


< 

QC 


s 

o 


az 


DC 

3 

CO 


1—4 


ZD 


LU 

CO 

1— « 

t- 

(— 


c_D 


1- 

CO 


< 

< 




z 

LU 

z 


1 — 

■ 

z: 


1 — 1 

QC 

o 

1 — 

CD 

1- 

CD 



CL 

1 — < 

z 

LU 

z 



X 


CO 

► — i 

CL 

LU 

I — 


1 — 

U 

CO 

o 

X 

o 

<_> 


CD 

< 

LU 

CL 

LU 

QC 



z 

S 

QC 



LU 



LU 

QC 

CL 

LU 

LU 

CL 

LU 


QC 

O 

s 

X 

X 


1— 


1 — 

z 

o 

h- 

1- 

<3 



CO 


cd 



CXI 

| .| 



< 


co 

a 




u 


u 

►— < 

LU 

>- 

— T— 


LU 

X 

LU 


ca 

03 

1 


Z 

1- 

Z 


LU 


CD 


< 

►—4 

< 

LU 

LU 

Z 



CL 

3: 

Cl 

QC 

CD 

o 

LU 





3 

X 

*— 4 

CZ 


ca 

LU 


CD 

LU 

1- 

\ — 


LU 

QC 

- 

*— 1 


»— 1 

CO 


C3 

3 

z 

LL 

_l 

ca 



< 

1— 

3= 


LU 

z 



LU 

< 

o 

CO 

Z 

o 



03 

QC 

X 

•— « 

< 

CD 




LU 

CO 

X 

Q_ 





CL 


1— 


ca 




s: 

LU 


LU 

< 




LU 

QC 

z 

X 

o 




h- 

< 

o 

f- 

_i 


734 


STRENGTH INTERACTION CURVES FOR THE HYPERSONIC 
BEADED SKIN PANEL 

PANEL SHEAR, lb £ /in 



ni/ j hi 'NOISSDHdWOO 13NVd 



PANEL SHEAR, N/cm 




LU 

CO X 





LU 

LU 


L— 

LU 





X 

CD 

LU 


> 

- 



CO 

H- 

Q 

ce 

LU 

>— i 

LU 



Q 


1-^ 

< 

1— 

ce 

3 



< 


ce 


< 

LU 

<3 



O 

- 


CO 

ce 

Q 

ce 

CO 


_1 

f- 


_l 

0Q 


o 

1 — 



CL 

LU 

o 

1— 1 

o 

1— 



J- 

LU 

CD 

03 

_l 

t- 


nr 


X 

U 

< 

21 

< 


Q 



CD 

2 

CD 

>- 

CD 

Q 

2 

CC 



O 


CO 


LU 

< 

CD 


_l 

cd 

2 


O 

CO 


Ll_ 


LL 


1— 1 

ce 

1— 

3 





CD 

< 

< 



h- 

CO 


s: 

2 

ce 

_i 

> 

LU 

2 

LU 


ce 

»— t 

h- 

3 

LU 

ce 

LU 

X 


o 

2 

CD 

CD 

s: 

LU 

s 

<c 


LL 



ce 

1—4 

3: 

o 



ce 

_l 

CD 

< — * 

H- 


s: 

LU 


LU 

< 

2 

CD 


CO 


CD 


CL 

ce 

♦—1 


< 

CD 

CD 




3 

Q 

Q 


2 

2 

LU 


O 

1 — 

2 

1— 1 

1— 

t-H 

►— « 

ce: 


1- 

CD 

LU 

_J 

< 

Q 

Q 

LU 



3 

CQ 

O 


< 

2 

LL. 


co 

ce 


CO 

LU 

O 

LU 

LU 


< 

l — 

Q 


2 

_J 

03 

Crl 


2 

CO 

2 

LU 

O 







< 

X 


2 


Q 


s: 

h- 


1— 

■> 

O 

ce 



< 

o 

ce 


Q 

■ — i 

< 

<c 

LO 

cm 

X 

< 


LU 

h- 

LU 


rH 

CD 


LU 

- 

*— 4 

< 

X 

co 


o 

LU 

X 

CO 

_J 

ce 

co 

h— 

LU 

ce 

_] 

CO 

_J 

CL 

03 


:2 

Cd 

CL 

o 


o 

CL 

•— < 

CD 

»■■■'< 

ZD 


1 — * 

X 

m 

< 


2 

CD 

CD 

ce 

X 

1- 

s: 


< 

»— « 

Q_ 


3 

LU 

o 

>- 

LU 

CD 

3: 


LL. 

o 

> 

03 

CO 

ce 



2 : 






LU 

LU 

LL 

o 


LL 

CD 

X 

LU 

2 

CO 

O 

»— i 


o 

» — « 

h- 

ce 


LU 


i— 



2 

KH 

< 

CO 

X 

h- 

<r 


CO 

O 

2 

3 

Q 

H- 

2 



l — 

CO 


CD 

< 


LU 

CQ 


CD 

ce 

Q 

CO 

O 

s: 




LU 

LU 

LU 


_l 

o 

LU 

1 


CL 

CL 

h- 

LU 


ce 

ce 

<c 


CO 

>- 

2 

X 

_l 

LL 

3 

CD 


< 

X 

LU 

H 

< 


CO 





s 


CD 

< 

< 

h- 


1— 

< 

3 

>- 

i — i 

h- 

LU 

2 


2 


ce 

03 

1 — 

< 

s: 

LU 


< 

2 

i — 


ce 

a 




1 — 

o 

CO 

2 

LU 


UJ 

LU 


ce 


2 

s 

> 


X 

OC 


o 

X 

1-^ 

o 


- 

f- 

CD 


CL 

CD 


X 

LU 

CO 


CO 


2 

ce 

CO 

CO 

ce 

LU 

ce 

<=c 



< 

< 


LU 

CD 

o 

LU 



LU 

3: 

CO 

X 

Q 

u_ 



LU 

CO 


2 

2 

i — i 




X 

LU 

LU 

o 


ce 

CO 

(=1 


h- 

ce 

ce 

1 — 1 

CO 

03 

2 

<c 




3 

(- 

2 


o 

CD 


LL 

H- 

1 — 

< 

o 

LU 

i— 4 

1 


O 

2 

CD 

CD 


CD 

l— 




LU 

3 

O 

h- 

< 

< 



LU 

s 

ce 

_J 

< 

CD 

3 



2 

LU 

l — 


CD 


a 



O 

ce 

CO 

LU 

O 

2 

LU 




3 


X 

_J 

1— -4 





CO 

CD 

h- 


< 

a 




< 

2 


LU 

ce 

< 




LU 

*— 1 

1— 

X 

l — 

o 




s: 

2 

< 

|_ 

CO 



736 



LOAD MEASUREMENT CALIBRATION POINTS AND REFERENCE 

AXES FOR HWTS 




O 

CSC 

o 



° z 

Q. 2 

o < 

< OC 

o ►— 

WO 


• □ 



LO 

I— I 
0) 


737 


WING ROOT 















O 

- 






h— 

CD 







LU 

LU 





CD 

> 

CD 





LU 

*— i 

3 

X 




»— 1 

CL 

t- 

CD 


CO 


—I 

LU 

►— « 

< 




CL 

CD 

Z 

LU 


CD 


CL 


CD 



— 1 


< 

LU 

< 

UL 


(— 



CL 

s: 

o 


<c 


LU 

LU 




CD 


DC 

2 

CD 

CO 


C3 


LU 


Z 

CD 


LU 


2 

h- 

< 

< 





< 


o 


CD 


1- 

X 

z 

_l 


<c 


< 

h~ 

o 



CD 


x 


l-H 

LU 


1 


l- 

co 

1 

X 





Z 

CD 

h- 


LL. 


co 

o 

LU 



CD 


Z 

1 — 1 

DC 

LL 




o 

H 

1— « 

O 


LU 


1 — 1 

< 

Q 



C_D 


1- 

3 


u 


2 


►— « 

a 

LU 

u 

- 



CD 

LU 

X 

< 

>- 



z 


(- 


_J 

cEl 


o 

CD 



CO 

O 


o 

< 

H- 

- 

3 

Li- 



o 

Z 

z 

O 

ce: 

. N 

CD 

_J 

LU 

o 

UJ 

LU 

CD 

< 


CO 

t— « 

Z 

CL- 

i — 1 

o 

LU 

LU 

H- 

< 



u 

X 

CL 

< 

1- 

UJ 

LU 


H- 

Q- 

CD 

_J 

h— 

DC 

Q 


LU 

O 

3 

13 

3 

LU 

z. 

CL 

_l 

s 

Q_ 

CD 

1 — 

o 



t— 4 

£EZ 

» — i 

=3 


CO 

X 

CO 

O 

LL 

OQ 

iL 

3C 

CD 


CD 

' — y 


CD 

o 

< 

CD 



cl 

LU 

CL 

LU 

LU 

CD 


h- 

X 

CL 


< 

1 — 


co 

CD 

< 

O 

_J 



t 



1- 

Q- 

CD 


CD 

< 

LU 


Q- 

LU 




X 

CD 

< 

GO 


LU 

LU 

H- 

LU 




LU 

CD 


HH 

UJ 



CL 

l-H 

LL 

_J 

CL 

CD 


x 

> 

o 

Q- 

LU 

Z 


1— 

O 


Q- 

3: 

i — < 



CL 

X 

< 


CD 


to 

a. 

h 


(4—N 

<C 


3: 


CD 

LU 


CD 


o 

o 

Z 

DC 

a 

— 1 


X 

t— 

LU 

LU 




CO 


_l 

3: 

CD 

CD 



LU 



z 

LU 


LU 

CL 

CD 

h- 

< 

h- 


CL 

ZD 

z 

< 




3 

1 — 

< 

X 


CQ 


CD 

CD 


t- 

CQ 



4—4 

3 

z 



CC 


LL 

DC 

o 

co 

< 

1 — 



1 — 

HH 

CD 


CO 


CO 

CO 

1 

< 


»— 1 


1-4 


CD 

o 

Z 

CD 


X 

CD 

LU 

_l 

o 



h- 

z 

DC 


1-^ 




1-^ 

l-H 

LU 

1- 




s 

CD 

X 







I'- 

CD 




LU 

LU 


z 




X 

X 

LL 

o 




h- 

1— 

O 

CD 


738 



DISTRIBUTED LOADING USED TO COMPUTE PERFORMANCE OF LOAD EQUATIONS 


If 


j 

f 





739 


Figure 16 




COMPARISON OF CALCULATED AND APPLIED LOADS 







741 


I 




■% 

LU 









CO 

X 









\- 

t— 









CL 


LU 


1 






LU 


CQ 

LU 

CO 

CO 





CD 

- 


CL 

1 — 1 

LU 

X 




Z 

LU 

X 

X 

Q 

l-H 

o 




o 

CL 

< 

1 — 


Q 

CL 




o 

X 

CD 

CJ 


X 

< 





1 — 


X 

CO 

1 — 

LU 




_l 

o 

CO 

CL 

CO 

CO 

CO 




< 

X 

LU 

1 — 

LU 


LU 




a: 

CL 

CO 

CO 

CL 

1- 

CL 




x 

1 — 

CO 


1 — 

X 





i — 

CO 

LU 

1- 

CO 

LU 

b- 




cd 


CL 

co 


CD 

X 




3 

1 — 

1 — 

LU 

_l 

LU 

CD 




a: 

CO 

CO 

b- 

< 

CL 

1— 1 




i — 

LU 



s 


_J 




CO 

1- 

_J 

LU 

CL 

CD 

LL 






< 

X 

LU 

X 





o 

> 

s 

1— 

X 

I— « 

CD 




1—4 

o 

CL 


b- 

CL 

4—4 




z 

_J 

LU 

LL 


X 

X 




o 


X 

O 

a 

Q 

o 




CO 

< 

b- 


X 


CO 




cl 



CD 

< 

« 

CL 




LU 

CJ 

_J 

X 


LU 

LU 




CL 

O 

_J 

1 — 1 

CO 

> 

CL 




>- 

_i 

LU 

_J 

LU 

_l 

> 


1— 


X 


2 

LU 

1— c 

o 

X 


s: 



CL 


Q 

CL 

> 



UJ 


CD 

o 

3: 

O 

o 

LU 

_J 




X 


o 

s 

1 — 


< 


i- — i 


l-H 


X 


CO 

s 

X 


Cd 


Z 

X 


X 

l-H 

< 

o 


LU 


CL 

l-H 

CO 

< 

X 

CL 

4—4 


Q_ 

_ 

LU 

CO 

CO 

CL 


CD 

H 


X 

oo 

CD 

1 

LU 

1 — 

LU 

O 

< 


UJ 

1 1 

X 

h- 

CO 

CO 

s 

CL 

X 




o 

< 

CO 

< 

> — 1 

CL 



CO 

LU 

cd 

LU 

< 

X 

1 — 


LU 


CO 

cc 


X 




CO 

X 


UJ 

3 



o 

CO 

CO 

4—4 

1 — 


Cd 

CD 

X 

< 

f- 

LU 

CO 

X 



1 — 

i— * 

LU 



> 

LU 

b- 

CL 


CO 

LL 

Q 

CD 

co 

_J 

CL 


O 




> 

X 

1 — 1 

o 

1 — 


LL 


1 


DC 

i — i 


> 

CO 

- 



<E 


Q 

co 

s 

X 


CO 

b- 


SI 



X 

<c 

l-H 

_J 

LU 

CL 


CL 


1— 


CL 


< 

CD 

LU 


UJ 


< 

b- 

CD 

CO 

S 

1—4 

O 


~T~ 



X 

O 

t—H 

CL 

_J 

X 


1 


S 

LU 

CL 

X 

LU 

co 

o 




< 

s 

CL 

b- 

X 


CD 




CL 




1- 

LU 





CD 

CL 

CO 



s 

_J 




O 

LU 

4—4 

- 

u_ 

l-H 

< 




CL 

CL 

X 

X 

o 

b- 

CL 




CL 

X 

b- 

< 



X 





LU 


CL 

X 

O 

1 — 




CD 


LL 

1 — 

o 

l—l 

CD 




X 

CO 

o 

CO 

►H 

UL 

X 




HH 

CO 


< 

b- 

4— ( 

CL 




O 

LU 

LU 

X 

< 

CD 

1 — 




CD 

CL 

> 


X 

LU 

CO 




X 

1 — * 

i — i 

CD 

1 — 1 

CL 





o 

CO 

1 — 

X 

s 

CO 

iL 






CD 

»— t 

CL 


X 




CL 

_J 

LU 

CO 

LU 

b- 

4—4 




LU 

< 

—> 

X 

1 — 

< 

CO 




X 

s 

ca 


LU 


1 




b- 

CL 

o 

a 

a 

X 

b- 

- 



o 

LU 


LU 


o 

< 

> 



X 

X 

X 

1 — 

LU 

l—l 

LU 

b- 



< 

b- 

CL 

CD 

X 

b- 

X 

4—4 





< 

4-H 

b- 

X 


_J 




< 

s 

a 


PQ 

< 

4—4 





! 1 

LU 

a 

t — 1 


CD 




CO 

CL 

CL 

X 

CL 

LL 

< 




1 — 1 

CL 

CL 

< 

b- 

O 

LL 


742 



(USING LOCKALLOY TEST STRUCTURE) 



743 


II 


Figure 18 






LU 

cc 





cc 

CC 

o 





< 

< 

LL 

LL 




u 



O 




3 

CO 

< 





CD 

t— 

t- 

H 1 




Z 

z 

< 

CO 




< 

UJ 

Q 

*—• 

- 



h— 

z 


CO 

CO 



CD 

o 

LU 

2 

LU 



LU 

D_ 

Q 

O 

_l 

UJ 


cr 

s: 


CD 

•—4 

1 



o 

> 


LL 

c_> 


< 

o 

O 

CO 

O 

1 1 




DC 

f- 

CC 

nr 


i- 

LU 

0- 

2 

Cl. 

LU 


z 

X 


LU 


> 


LU 

h- 

O 

2 

CD 



CO 


f- 

O 

2 



LU 



CL 

*— * 

o 


CC 

• 

co 

51 

1- 



CL- 

LU 

UJ 

O 

< 



UJ 

DC 

u 

CD 

LU 

UJ 


DC 

3 

CL 


X 

T?~ 



CD 

3 

LU 


1 — 1 


O 

►— < 

O 

X 

CD 

C_D 


I— 

LL 

CJ 

h- 

i— « 

LU 




O 


2 

Q_ 


Q 

CO 

ST 

LL 

O 

OO 

cn 

1 

LU 

1— 1 

DC 

O 

CO 

h- 

X 

LU 


DC 

1 — 

r 1 

< 

h- 

X 

CO 

LU 

oo 

LU 

a: 

CD 


(— 

1 — 

CL 

LU 

> — < 

z 


CO 

>- 

1— 

DC 

1— • 

Q 

LU 

X 


o 

CD 

CD 


2 

1— 


>- 

< 

2 

< 


(3 

o 

► ' H 
I | 

U. 

3: 


>- 

2 

1 

LL 


o 

CO 

CC 

< 

1 


LU 

X 

LU 

o 


*=c 


CC 

CO 

CD 

h- 

CD 



LU 


< 

< 

* — * 

C_D 


3: 

CO 

CD 

cc 

2 

o 



< 


o 

O 

1 


CO 


2 

CD 

CO 



2 

LU 

p — * 

< 

DC 

LL_ 


LU 

CD 

< 

_l 

LU 

O 


s: 

< 

CC 


CL 



t-H 

_J 

h- 


3 



CD 

LU 

co 

- 

CO 

o 


LU 

CO 


CO 


t ■ t 


Q. 

3 

X 

•— 1 

o 

h— 


CO 

U_ 

J— 

CO 

t— 

<c 




1— 1 

>- 


C-D 


1 — 

DC 

3 


CO 

CD 


CO 

LU 


< 

2 

1 


LU 

3: 

Q 

2 

•— < 



1- 

o 

LU 

< 





u 

h- 


CO 



>- 


2 

X 




DC 

UJ 

UJ 

1- 

LU 



O 

X 

S 


X 



H 

l- 

3 

3 

1— 



< 


DC 





DC 

LL 

1 — 

2 

CD 



O 

o 

CO 

O 

2 



CQ 


2 

CO 

►— t 



< 

2 

i — i 

t— • 

1 — 



U 

o 


DC 

O 




1— I 

CD 

< 

UJ 




1 — 

2 

O- 

3 




DC 

»— H 

2 

09 




O 

LU 

o 

3 




o. 

CD 

CD 

CO 


744 






UJ 






a: 






UJ 


1 





h* 

1 





CO 

1- 



CO 

CO 

LU 




■ — 1 

Ul 

H- 

X 




QC 


f- 



Q 

3 

O 

1-^ 



z 

K— 

3: 

z 



x 

O 

1— 




0 

X 


a 



QC 

Q£ 

1 — 

Ul 



O 

1 — 

u. 

1— 




CO 

< 

< 



O 



0 



< 

a. 

Ul 




03 

X 

X 

QC 




3Z 

h- 

03 



UJ 

O 


< 



X 

«t 


LU 



H 

03 

*> 






C3 

CO 



Z 

1- 

Z 

►H 



i — < 

Z 

X 





Ul 

0 

LU 



LU 

ac 

QC 

Z 



z 

Ul 

CD 

O 



0 

u. 

Ul 





u. 

QC 

■\ 



UJ 

1 — 1 

O 

QC 



X 

a 

LL 

LU 



l- 



> 


oo 


LU 

Ul 

LU 



>- 

UJ 

X 

3C 


lu 7; 

_j 

QC 

1 — 

O 


5T- O 

z 

X 


X 


^ CNI 

0 

h- 

z 



C_> 



1 — 1 

*"\ 

• 

UJ ^ 




CO 


Q_ “ 

"■v 

m 

z 

03 

LU 

oo r 3 

z 

a 

3 : 

Ul 

LU 

tn 

3 : 

Ul 

0 

3 E 

J— 

i — .7 

0 

X 

X 


CO 

GO i 

X 

0 

CO 

a 


LU w 

CO 

< 


»— • 

CO 

1— 


1 - 

CO 

_i 

CO 


Ul 

h- 

N-t 

0 

LU 


o: 

< 


CO 

_J 


< 


UJ 


z 



CO 

QC 

X 



CO 

z 

X 

h- 

< 


z 

HH 

1 — 


H 


UJ 


O 

3: 

co 


s 

CO 

X 




*— 1 


QC 

CO 

X 


0 

>- 

1 — 

s 

y~ 


UJ 

0 

CO 

< 

1— « 


a. 

_l 


LU 

3 


CO 

_i 

CO 

03 




< 

CO 


QC 


V - 

iZ 

X 

LU 

LU 


CO 

C_) 

QC 

> 

X 


Ul 

0 

1- 

< 

1- 


1- 

_J 


X 

0 




< 




Ul 

LU 


X 

LU 


UJ 

X 


h- 

X 


OC 

H 

m 

O 

I— 


X 


Q 

03 



H- 

X 

Ul 


0 



h- 

1 — 

CO 

z 


Ul 

t— t 

c_> 

z 

< 


X 

5 

X 

LU 



1- 


QC 

2: 

s 



Z 

1 — 

►— « 

X 



3: 

CO 

0 




O 

z 

LU 

Z 



X 

0 

a. 

< 



CO 

0 

CO 

1— 


746 


TEST SPECIMEN 







LU 

OC 




=3 






1 — 


LU 




O 

oc 

Q 




ZD 

< 

O 




CC 

LU 

S 




1 — 

X 





C/3 

CO 

LU 






X 




1 — 


1- 




Vi 

o: 





LU 

< 

o 




h- 

PQ 

1- 




LU 

ld 

co 




X 

n~\ 

h- 




1- 

CNI 

3 






CL 




u_ 

CO 

Z 




o 

z 

>— > 





»— 1 





oc 

< 

LU 




LU 

1- 

OC 




i — 

z 

3 




CC 

o 

h- 




< 

o 

< 


1 


=3 


CC 


LU 


o 

_J 

LU 


C3 



LU 

CL 


CD 


LU 

a 

z 




Z 

o 

LU 




o 

z: 

1- 


_J 






<c 


u_ 

LU 



O' 

1 — 1 

o 

X 

- 


dd 

CNI 


1- 

CO 


1 — 


CO 


h- 


(_> 

LU 

1 — 


z 


33 

CC 

CO 

. 

1 — * 


O' 

3 

1— < 

Vi 

o 


1— 

o 

CO 

z 

CL 


CO 


z 

o 




U- 

o 


a 



Sw '' 

u 

i— 



<c 



»—• 

oc 


oc. 


_l 

Q 

CD 

- 

1 — 


LU 

Z 


CO 

CO 


Q 

o 

CD 

1 — 

<c 


o 

o 

CD 

CO 



s: 


i — 1 

LU 




>- 


1- 



_j 

oc 

a 




< 

1 — 

z 

CD 



DC 

LU 

< 

z 



3 

s 


HH 



1 — 

z: 

CO 

OC 



U 

> 

1- 

3 



3 

CO 

z 

a 



a: 


LU 




l — 

Li. 

z: 

Q 



Vi 

O 

LU 

LU 





_l 

CC 



z 

LU 

LU 

3 



< 

CD 


CO 



OC 

< 

O 

< 



1 — 

L— 

o 

LU 



V) 

Z 

oc 

S 



< 

< 





z 

> 

a 

LU 




Q 

z 

CO 



LU 

< 

< 

O 



X 



X 



h— 

CD 

> 

1— 




Z 

_l 





1— « 

LU 

LU 




iC 

z 

DC 




< 

< 

LU 




1- 

CL 

3 


748 









LL 








O 






< 







LU 



CO 

LU 




1 

on 


LU 

X 




1— 1 

o 


CO 

I— 




u_ 

u_ 

2 

CO 





o 



LU 





on 

CO 

CD 

OH 

- 

Q 



CL. 

< 

CD 

1 — 

z 

z 




3: 

CD 

CO 

1 — t 

< 



LL. 




X 




o 

LU 

Ln 

21 

CO 

Q 




CO 

Csl 

D 


LU 



z 

< 


S 

LU 

OH 



o 

o 

h— 

►H 

X 

D 



hH 


D 

X 

1- 

CO 



1 — 

CO 

O 

< 


< 



cd 

1 — 1 

PQ 

SI 

1 — 

LU 



z 

X 

< 


CO 

s 



D 

1- 



LU 



GO 

Li- 


LL. 

- 

OH 

LU 


l a 


oc 

O 


< 

X 


i 

< 

o 


LL 

LU 

1- 


i — i 


u_ 

LU 


Z 



LL_ 

CO 


Q 

O 


u_ 


CD 

< 

LU 

D 

CD 

CO 

0 


OC 


_J 

(— 

LP> 

Q- 



Q_ 

CO 

i — i 

i — i 

LA 

< 

z 



LU 

u_ 

h- 


CD 

0 


CO 

CO 

o 

U 



HH 


CO 

CO 

DC 

< 

XH 

OH 

H 


LU 

LU 

Cl. 



LU 

< 


ceh 

OH 


z 

CD 

3c 

U 


1 — 

1 — 

CD 

< 

CO 

O 

LU 


CO ^ 

CO 

Z 


LA 

_J 

OH 


<NJ 


i — t 

1- 



OH 


1 CNI 

_l 

H- 

< 

Q 

LU 

O 



< 

< 


LU 

X 

O 


SI LU 


LU 

CD 

X 

1 — 



OH OH 

on 

X 

- 

CD 




LU D 

LU 


CO 

< 

z 

- 


-r~ CD 

X 

LU 


LU 

0 

LU 


1— -- 

1 — 

X 

U_ 

OH 


OH 


LL. 


h- 

O 


a 

D 


1 ■ 1 ' 

Q 



CO 

UJ 

t- 


CcH 

LU 


DC 

LU 

z 

CD 


— i 

1 — 

- 

LU 

OH 

► — * 

D 


1 — 

u 

z 

PQ 

D 

< 

OH 


CD 

*—* 

3: 

2 

h- 

h- 

1— 


XD 

Q 

o 

D 

< 

CQ 

CO 


on 

LU 

X 

Z 

OH 

O 



1 — 

DC 

CO 


LU 


CO 

- 

CO 

CL 


X 

CL. 

LU 

CO 

Q 



LU 

CD 

2 

OH 

D 

O 

CO 

Z 

DC 

< 

LU 

LU 

OH 

O 

CO 

< 

< 

ST 

1 — 

3 

H 

CD 

HD 

OH 







OC 

h" 

CO 

< 

Z 

^ — \ 

LU 

X 

1 — 

CO 

z 


1 — 1 

1 — 1 

X 

OH 


< 

o 

O 

X 

CO 

H— 

LU 


z 


I- 

CO 

CL 


> 



1— 




OH 



Q 

< 

1— 

LU 

CD 

O 

CO 


Z 

CD 

X 

X 

CD 

LL. 

1— 1 


< 

O 

CD 

1— 

CD 





_J 

1— H 


a 

LU 

< 


Q 


U 


CD 

OH 

h- 


LU 

DC 

U_ 

. 

LA 

< 

< 


OH 

D 


/-N 

v — ^ 


Q 


D 

O 

O 

1 


Z 



CO 

LL. 

1— • 

U_ 

CNI 

S 

0 


< 


Z 


2 

O 

LU 


LU 

H- 

O 

CD 

- — 

X 

1 — 


21 

C 

CO 

CD 

Z 

CO 

O 




OH 

CD 

X 


> — 1 



LU 

LU 

■s 


< 

O 



2 

0- 

Ln 

•U" 

1— 

LU 




>- 

00 

-HJ- 

< 

OH 



1- 

X 


m 

Q 

a_ 


750 



TRUSS STRUCTURE THERMAL STRESS PROFILES 



Tift, MINUTES 





CO 





_J 





LU 





> 




z 

LU 




1— 1 

_J 

CO 





1 — 



co 

CO 

CO 




CO 

LU 

- 


LU 

LU 

1- 

CO 


X 

DC 


z 


H 

h- 

CL 

o 



CO 

< 

1 — 1 


Q 


_l 

f- 

LU 

Z 

x 

i—i 

< 

Cd 

< 

X 

X 

CL 

Z=D 


y 

►— 1 

X 

I— 

to 

i— < 

CO 

cu 

<r 

z 

X 


1— 1 

Cd 

o 

< 


LL 

LU 

>— ■ 

X 

- 

Z 

Q_ 

1 — 


Q 

o 

SI 

u 

LU 

O 

(_> 

LU 

LU 

X 

o 


1 — 

CO 

1— 

o 

_l 


1 



< 

;r~ 

to 


LU 

CL 

ZZ) 

CO 

- 

1— 

X 


o 

LU 

■ — i 

1 — 

* ' 

oc 

CL 

X 

o 

X 

o 

X 

a 

X 

«=C 


1— 


CL 


2 

< 

CO 

f- 


< 

cl 

* — i 

co 

1 — 

LU 

LU 




PQ 

CL 

zz 

PQ 



X 

o 

LU 

CO NO 

LU 

LU 

1—1 

X 

LU CNJ 

X 

f- 

L— 


CO 

h- 


<C 

a 

CO LU 


X 

_l 

»— i 

LU CL 

cl 

X 

LU 


Od X 

o 

X 

CL 

o 

1 O 

LL 

►— « 

CL 

CO 

CO -< 


X 

O 


u_ 

CO 

< 

CJ 

LU 


LU 

X 


X 

<C 

CO 


< 

1— 


CO 

LU 

1— 


CXI 

LU 

X 

< 

z 

LU 

cl 

1— 

o 

o 

XI 

1 — 




1 — 

CO 

(- 

LU 

Q 



< 

X 

LU 

LU 

Q 


1— 

1 — 

ad 

LU 

LU 


C_3 

— i 

1 — 


a 

X 

1 — 

u 

■ — ' 

z 

a 

c_> 

» — 1 

_1 

< 

z 

zd 

o 

CO 


o 

cd 

LU 


CO 

o 

1 — 

IX 

LU 

CL 


CO 

CL 

X 

< 

cs> 



i— i 

(_> 

z 

CO 

Q 

1— 


KH 

CO 

Z 


CL 

LU 

IX 

< 

< 

LU 

PQ 

ad. 



X 


1 — 

o 

CL 

o 

> 


LU 

O 

_J 

_J 


CL 

LL 


f- 


X 


LU 

zz 


CO 

Z 

X 

LU 


< 

X 

t- 

CL 


LU 

o 


CL 


X 

X 

1— 

X 



lO 

< 

o 



LU 

LU 

LU 



CX 

CL 

CL 



< 

< 

< 


752 



TRUSS STRUCTURE THERMAL STRESSES AT MAXIMUM TEMPERATURE 



753 


Figure 23 





LU 













_l 













t— 




Z 









| — 


CD 


o 



CD 


>- 




ZD 


z 


> 


SI 

z 

CD 

CD 



3 

I 

X 

i— 1 


3 

3 

3 

*•— * 

Z 




< 

C/5 

CJ 

DC 

LU 

3 

< 

1 — 


< 

s: 



LU 


►—1 

3 

X 

3 

1— 1 

CO 






Z 

LU 

X 

CD 

1 — 


(— 

> 

3 

z 

in. 




O 

2 



3 

Z 

CO 

X 

o 

- 



CD 

< 



CD 

X 

3 


1 — 

> 

ND 



2 

CL 

CO 

- 

z 

h- 

CL 

CO 


3 




1— Hi 

CO 

_J 

Z 

► — 1 


3 

3 

X 

3 

>- 



z 


< 

o 

L— 

1 — 

3 

< 

H- 

3 

3 



2 

LU 

LU 

> 

< 

CO 

3 

3 

» — « 


3 



M 

nr 

CO 

LU 

LU 

3 

»— « 4 

CO 

J2: 

3 

1— 



CD 

h~ 


3 

X 

1- 

CD 



3 

< 



LU 


1— 

LU 

CL 



3 

>- 

< 




PQ 


z 


LU 

O 

(D 

X 

1— 

O 

♦— « 




_ 

< 

CD 

> 

h- 

z 

H 

»— i 

CD 

X 



"H 

CO 

CD 

Z 

o 


< 


3 

H— 

o 



> 

J— 

z 

< 


>- 


3 

l-H 

3 

3 



1— 

CO 

3 


z 

CL 

*\ 

O 

CD 

O 

3 



l — I 

LU 

CD 

CD 

> — i 

< 

CD 


1— « 


3 



_l 

H 

LU 

Z 


CO 

Z 

>- 

1— 

Z 

< 



1 — i 


CL 

i — i 

1 — 

CO 

t t 

h- 

< 

< 



GO 

CJ 

2 


2 

3 

3 

CD 

1— i 

3 


3 


1 — 

< 

LU 

CD 


3 

CJ 

< 

3 

S 

X 

3 


co 

u. 

H- 

Z 

LU 

CO 

3 

O 

1— t 

o 

1— 

CJ 


LU 


co 

< 

X 

LU 

z 

3 

CD 

CJ 

» — 1 

»— i 


1 — 

a: 

5- 


f- 

CL 



< 


2 

1 — 



3 

CO 

> 



3 

*■> 

3 

CD 


3 



o 


DC 

z 

Z 

CL 

CD 

< 

z 

CD 

< 


LU 


CO 

< 

LU 

< 

O 

Z 

o 

< 

3 



1 — 

2 

3 

s 

LU 

CJ 

3 

►— < 



3 

1- 


CO 

*— « 

< 

1 — i 



3 

H 

3 

>- 

CD 

CO 


>- 


LU 

DC 

1 — 

CO 

CL 

< 

< 

1— 

s; 

3 


CO ^ 

CD 

CO 

CL 

LU 

3 

3 

3 

Z 

t— > 

3 

h- 


— t— 

LU 



CD 

< 

X 

X 

o 

DC 

CO 



CO 

1— 

2 

LL 


LU 

h- 


1— 1 

CD 

CO 

3 


1 \.N 

CO 

O 

O 

>- 

CO 


3 

1 — 

3 

< 

> 


<C LL] 

LU 

> 


h~ 


CO 

O 

CJ 

1 — 


*1 — i 


LU £ 

1 — 

LU 

CD 

1 — 1 

z 

i — i 


z 

Z 

3 

h- 


CO 3 


3 

Z 

> 

o 


CO 

3 

> — i 

CD 

<C 


f ("1 

LU 

LU 

►— < 

< 

> 

I- 

h- 

3 



1 — 


z: 2 

PQ 


1 — 

CJ 

LU 

•— i 

CJ 


3 

3 

Z 


CD U_ 


LU 

CO 


3 


3 

3 

< 

3 

3 



O 

_1 

1 — 1 

LU 

LU 


3 

X 

3 

i — i 

CO 


UJ 

t— 

1— 

CO 

X 


- 

3 

h- 

3 

2 

3 


— 1 


I— 

z 

h- 

LU 

< 

3 


1 — 


3 


LU 

CD 

3 

o 


X 

3 


>- 

CJ 

CO 

3 



LU 

X 

CJ 

CD 

1— 

CL 

CD 

3 

3 

3 

3 


LU 

_l 

CO 


z 


< 

3 

►— H 

CC 

<C 

3 


1 

3 


s: 

H-H 

LL 


Z 

CL 

1— 

3 



1 — 

CD 

LU 

LU 

CL 

O 

h- 

» 1 

3 

CO 

CO 

<r 


1 — 

LU 

X 

1 — 

LU 


< 

CD 

> 





13 

x 

t— 

CO 

f- 

3 

X 

5T 


S 

z 

si 



o 


> 

Z 

CD 

t- 

O 

3 

3 

o 

3 


CO 

C/5 

CO 

CO 

LU 

< 


CJ 

3 

1 — 

> 

O 




1 — ( 




z 


i — < 

CO 

3 

3 

■ 


CO 


_l 

s 

< 

►—1 

3 


>- 

3 


H ' 


1— « 

*\ 

< 

o 

3 


X 


CO 

3 

O 

1 



DC 

LU 

CL 

3 

CO 

1 — 

CO 



\— 

3 


(— 

< 

CO 

LL 


s 


1 — 

3 

3 




< 

LU 



3 

3 

CL 

CO 

X 

X 

3 

CNI 


I 

>- 

< 

CO 

> 

1 — 

3 

3 

H 

L— 

3 

i — 1 


(— 



LU 

* — * 

CO 

CD 

L— 



25 




CO 

z 

CO 

CO 

>- 

z 


3 


1 — 

> 


(— 

1 — t 

►— « 

< 

CO 

CO 

3 

3 

1- 

• 

CJ 

CD 


C_) 

X 

< 

CD 

3 



X 

< 

Z 

3 



LU 

\— 

1— 


CJ 

CL 

s: 

h- 

3 

CD 

3 

1— 


“5 


z 

1- 

X 

O 

3 


1 — 

>— • 

(— 

3 


O 

LL 

o 

O 

3 


1 — 


CO 

CO 

CO 



3 

O 

CJ 

X 


3 

CO 

- 

z 

3 


CNI 


CL 





CL 

>- 

3 

o 

a 

X 

i — 1 



CD 

CO 

t- 

>- 

3 

CO 

3 



o 



< 

Z 

z 

z 

CL 

h— 


3 

3 

z 

CD 




LU 

o 

LU 

1 — 

CJ 

CO 

CO 

CD 

o 


s: 




> 

> 

Z 

3 

3 

CO 


> 

CD 




LU 

LU 

LU 

3 

CL 

< 

3 

CD 

3 

Z 

r\ 



X 

_l 

CL 

3 

h- 

3 

3 

Z 

3 

►— » 

• 



1- 

LU 

CL 

CL 

CO 

CO 

3 

< 

3 


ND 


754 



SHUTTLE ELEVON SEALS SYSTEM TESTS 



LU 
I — 
CO 
>- 

co 

_l 

<c 

ULl 

CO 


o 

> 


LU >— < 
O' 

UJ O 
X LU 


>- < 
I — od 


— ■ C_> 

cq 

< Od 
CL I- 

< co 
c_> 


< 

2 

o 


co 

>- 

co 


O LU 

z: f- 
=5 < 

LL Cd 


Cd 

LU 

> 


CO 

s 

o 

s: 

LU 

Q 


O O 


CO 

LU 

> 


~D 

CQ 

O 


755 


DEMONSTRATE SYSTEM COMPATIBILITY WITH WING/ELEVON DESIGN 

Figure 24 
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This study was funded by NASA/LaRC under contract NAS1-14614 with Mr. Robert D. Witcofski as 
technical monitor. 
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The results of each of these study elements will be presented in the following figures with the 
exception of the last four items of the parametric studies, which due to time, cannot be discussed. 
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Figure 2 



STRUCTURAL DESIGN CRITERIA 
(Figure 3) 
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Figure 3 



FATIGUE AND DAMAGE TOLERANCE CRITERIA 
(Figure 4) 
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Figure 4 
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The flight loads, tank internal pressure, and temperature distributions were coded using the 
'BOSORA' code for input into the structural models to define the overall internal loads. Results of 
the static solution defined the displacement components and the stress and moment resultants of the 
tank design. 
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Figure 8 



DESIGN LOAD CONDITIONS 
(Figure 9) 
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In addition, the emergency landing requirements specified in FAR 25 were considered in the 

design. The following load factors are specified: forward (n ) = 9g, downward (n ) = 4.5g, upward 

X z 

(n ) = 2g and sideward (n ) = 1.5g. 
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Figure 9 
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For the integral tank design, a maximum tensile load of approximately 700 kN/m (4000 lb/in ) is 
noted on the upper fibers with a compressive load of 200 kN/m (1100 lb/in ) shown on the lower fiber. 
The hoop force is constant at approximately 420 kN/m (2400 lb/in ). 
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upper curve reflects the design stress level applicable to fuel-tank substructure other than skin, 
such as frames, which are uniaxially loaded. The second curve, and the lower curve, present the 
design allowable to be applied to the fuel tank circumferential stress and reflect a biaxial loading 
condition. 
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Figure 11 
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The average circumferential unit weight and component unit weight at the upper, mid, and lower 

fibers indicate an insignificant difference in weight between any of the tank wall concepts. The 

average unit weight for all candidate concepts, which includes both the fuselage and tank, is 

2 

approximately 22.4 kg/m (4.60 lbm/sq ft). 




787 


^INCLUDE MIN. WEIGHT FUSELAGE DESIGN 
AND TANK (SHELL, STRAPS AND NOF) 



ill 


23 

O 

<*) 


O 

a 

H 

M 

O 

t-H 

W 

s ^ 
m 

H r * < 
M 
2: 

S bj 

I 3 

23 M 
O •H 

OT S ' 

W 

O 

t*S 


ri 

2 

o 

w 

H 

23 


cn 

e 

•H 

p 

CO 

a 


p 

H 

*H 

P 

a 

P 


P 

p 


p 

iH 

3-1 

P 

X 

U 

4-1 

3 


4-1 

X 

CJ 

4-1 

P 


5-i 

£ 

4-1 


CD 

CD 


P 

rH 

O 

•H 

•H 

P 

4-1 

■U 

P 

0) 

XJ 

X 

CD 

0) 

-P 

^J 

4J 

4J 

00 


p 

00 

p 

p 

rH 

•H 


4J 

u 

CJ 

p 

P 

4-1 

X 

3-i 

p 

P 

o 

P 

CJ 

cr 

• 

3-i 

■ 

p 

O 

p 

14-1 

3-i 


X 


4-> 

P 

X 

P 

4-1 

P 


P 

X 


O 

u 

P 

p 

P 

4-1 

u 

c 

p 

o 

p 


cr 

X 


( u 


4-1 

P 

o 

P 

03 

4-1 

i-H 


P 

P 

CD 

X 


4-1 

P 


U 

P 

P 

3-i 

5 

P 


S 

CD 


P 

X 

O 

P 

•H 

4-1 

OO 

CJ 

p 

P 

3-i 

»H 


P 

& 

CD 

•H 

CD 

CD 

P 

P 

o 

X 



00 

4J 

p 

P 

u 

•H 


O 

o 

FH 

$ 


4J 


p 


£ 


■U 

5 

I 

O 

5-i 

•H 

> 

p 

p 

a) 

5-i 

3 

4J 

P 

5-i 

P 

P- 

a 

p 

4-1 

X 

P 

O 


I 

03 

5-4 

3 

00 

•H 

U-t 

C 

o 

o 


03 


03 

X 

*H 

X 

a 

03 

CJ 

o 

03 

P 


« C 

£ -g 
„ s 


CD 

P 

o 

•H 

00 

0) 

>-i 

a 

00 

•H 

CD 

P 

*3 

4-1 

p 

•H 

O 

P- 

0) 

CD 

P 

X 


4-1 

< 


X 

P 

N 

>, 

pH 

03 

P 

03 

CD 

03 

S 

P 

5-4 

P 

4-) 

U 

3 

U 


•H 

P 

a 


c: 

o 

•H 

4-1 

P 


X) 

CJ 

cd 

CD 

CJ 

3 

5-1 


X 

a 

oJ 

0) 


pj 

o 

C/3 

O 

PQ 


CD 

C! 

O 

•H 

00 

03 

H 


CJ 

a) 

5-i 

03 


(1) 

X 


>> 

X 

X 

0) 

p 

•H 

4-1 

a; 

XJ 

CD 

03 


! 

■U 

P. 

O 

CJ 

o 

p 


0) 

I 

5-4 


cd 

£ 

M 

P 

P 

4J 

0) 

X 


4- 4 

o 

XJ 

<U 

■u 

CD 

•H 

CD 

P 

O 

O 

0J 

5-) 

P 

4J 

a 

3 

5- t 
+J 
CD 


•H 

P 

3 

X 

P 

oJ 


cd 

>-i 

00 

P 

XJ 

P 

•H 

P 

X 


d> 

& 

td 

X 

p 

H 

O 

Fh 


P 

O 

•rl 


d) 

O 

P 

P 

P 

0) 


P 

00 


cd 

x 

"p 

cd 


x 

cd 


oo 

P 

0) 

M 


CD 

cd 

rP 

X 
03 
X 
p 
» — I 

o 

p 

•H 

CD 

•H 

CD 

to 

rH 

cd 

P 

P 

CD 

•H 

X 

H 


CD 

P 

P 

H 


03 

4-4 

P 

CD 

I 

r— I 

■H 

P 


FH 

O 

53 


5-i 

O 


CJ 

P 

4-i 


CD 

03 

CD 

J>s 

rH 

P 

P 

P 



X 


U 




P 


O 




P 


4-1 



■M 

XJ 





•H 


P 

OO 



P 

rH 

e 

P 



P 

P 

p 

•H 

CM 



3-1 

u 

CJ 

£ 


P 

00 

4-4 

P 



rP 

P 


Ou 

OO 


4-» 

4-1 

/^i 

CD 

X 



P 

• 




P 

•H 

P 


o 


P 


•H 

• 



•H 

P 


P 

cr 


4-1 

X 

O 

*H 

rH 


P 

4-1 

LO 




X 


V-/ 

O 

X 



J-i 



G 


O 

O 

g 

V-/ 

P 


+J 

4-1 






r-- 

e 

✓ — s 


X 

P 

CM 


CM 


P 

5-4 

• 

CM 

4-1 


00 

3 

rH 

o 

4-1 


p 

00 


• 



5-( 

•H 

XJ 

»H 

la 


P 

4-4 

P 


x 


> 




i— i 


P 

CD 

X 

rH 




*H 

p 

P 

r^- 


X 

X 

4-1 

4-1 

• 


p 

U 

o 

P 

CO 


p 


p 

e 




P 


•H 



p 

•H 

p 

X 

CM 


o 


3-i 

o 

a 


•H 

r* 

P 

3-i 



4J 

3* 


Cu 

00 


P 

O 

CO 

Cu 

X 


CJ 


p 

P 



o 

CD 

00 


*H 


rH 


•H 

4-1 

• 



P 

CD 

P 

00 


I — 1 

p 

5-4 

P 


i — 1 


p 

X 

X 



•H 



P 

4-1 


4-> 

CD 

XJ 

P 

O 


P 

4-1 

X 



• 

P 

rH 

00 

CD 

CD 

CD 

5-i 

P 

3 

•H 

P 

4-> 

P 

CO 

P 

OO 

X 

00 

4H 

p 

3-i 

? 

•H 

CD 

oo 

-H 

•H 

CD 

3 


6 

P 

P 

P 

CJ 

5_J 

P 

P 

X 

S 

X 

•H 

CJ 

CD 

P 

e 

•H 

x 

00 

P 

X 

P 

p 

p 

> 

X 

cj 

XJ 

*H 

p 

p 

•H 

X 

•H 

4-1 

CJ 

P 

O. 

CD 

P 

P 

P 

4-4 

o 

• 

4-i 

4-4 

•H 

P 

O 

Cu 

4J 

p 

P 

4-1 

CD 

P 

iH 

O 

CD 

P 

a 

*H 

| 

^4 


X 

6 

4-1 

P 

5-i 

P 

P 

P 

P 

P 

O 

CD 

4-) 

X 

4-1 

4-> 

O 

P 

P 

P 

CD 



X 

r— 1 



X 


4_1 

3 

P 


p 

• 


CJ 

< 

4-1 

p 

4-1 

5-< 

iH 


00 


a 

o 

P 


p 

1 

p 

p 

4-1 

O 

• 

p 

o 



P 

«H 

p 

P 

X 

P 

o 

1 

N 

o 

P 

5-1 

•H 

3-i 


o 

4-1 

P 

XJ 

P 

P 


o 

S 

P 

4-1 

X 

X 

P 


4-1 

5-i 

4-1 

p 


CD 

CD 

P 


p 

P 

4J 


3 

X 

p 

5-i 

X 

X 

cr 

XJ 

4-1 

P 

00 

O 


O 

4-1 

•H 

P 

p 

X 

•H 


P 

P 

X 


4-1 

CM 



XJ 

3-4 

CD 

4-1 


4-1 


O 

1 

4-1 

•U 

P 

4-1 

4-1 

P 

— ^ 

•H 


P 


X 

a 

P 

CD 


OO 

P 

X 

X 

4-1 

P 

p 

r-i 

i — i 


X 

00 

•H 

X 



00 

•H 

CJ 


cr 


•H 

CD 

P 

P 

• 


P 

P 

a 

X 

CO 



X 

CD 

4-1 



788 




789 


I 


AFT TANK WEIGHT 
(Figure 16) 


IIIMIIIIIIIIIIIIll 


i— I 60 







1—1 

cd 

OJ 



>> 


w 

•H 

rH 




0J 

42 


X 

cd 

> 

£ 

• 

0) 

42 

*H 

d 

*H 


CO 

•H 

< 




4-J 


42 

X 


4-J 

4J 

cd 

S 

d 

e 








qj 


cx 


00 

0 

• 




M 


^"N 

c 

• 

<U 

c 

*H 

J-4 





O 


X 

0) 

4-J 

0 

cd 

CO 

*H 

CO 

cx 

rH 



d 

4-1 


0) 

4-4 

CO 

d 

42 

QJ 

a) 

4-J 


0) 

cd 



d 

4-1 

0 

0 

4J 


X 

CO 


M 

4-J 



0) 

H 

0 

0 


QJ 

q 


J-4 

O 


0) 


• 


4-1 

4-J 



4-J 

4-1 

0 

U 


5 

0) 

00 


44 

CO 

u 

X 

42 

d 

OJ 

C-i 

d 

e 




42 

• 


*H 

d 

OJ 

Q) 

00 


QJ 

CO 


co 

4-J 

<u 


4-J 

d 

> 

d 

H 

O 

CO 






CO 


O 

a> 

QJ 

QJ 

cx 

42 

QJ 


d 

CO 

* 


d 

a) 

rH 

4-1 


4-1 

QJ 

42 

4-J 

rH 


cd 

4-J 

a> 

N 

e 

o 


d 


CO 

4-1 

*H 


4-4 

•H 

CO 




•H 

•H 


X 


4-J 

4-J 

QJ 

X 

4J 

cd 

• 


H 

J-4 

4-1 


e 



CO 

4-J 




a> 


cd 

cd 

cd 


cd 

• 


1 

42 

4-J 

4-1 

4-J 

• 


u 

rH 



X 

#1 

4-J 

00 

45 

O 

CX 

•H 


00 


d 


0) 

o> 

>» 

cd 

•H 

00 


a> 



01 

d 

CO 


(D 

d 

rH 

4 : 

rH 

•H 

rH 

0 

0> 


■U 

CO 

d 


4J 

00 

4-J 



QJ 

cd 

d 

Q) 


d 


•H 



•H 

d 

CD 

0) 

§ 

U 

0 

J-i 


•H 

a) 



•» 

CO 

cd 

42 

P 


aj 

0 

d 


d 

J-I 

X 


0) 

0) 

4-J 

4-J 

QJ 

CO 

> 


4-J 


o 

d 

d 


0J 

X 

u 



•H 

QJ 

X 

a 


d 

00 

cd 

m 

N 


0 

CO 


42 

CO 

QJ 

cd 



*H 


X 


d 

cx 

cd 

CO 

H 


d 

4-4 


x 

4-1 

0) 

a) 

«* 

o 

b 

£ 

4-J 


4-J 

QJ 

d 


d 


j-t 

X 

<D 

•H 

•H 


cx 


cd 

4-4 

d 


cd 

CO 

d 

d 

X 

<0 


CO 

QJ 

• 


4-4 

cd 


•H 

4-J 

1 — 1 

cd 

d 

QJ 

d 

O 

,, — s 

CO 

•H 

B 


rH 

42 

o 

o 

rH 

a) 

J-i 

00 

d 

B 

d 

4-J 



cd 

H 

d 

d 

45 

4-J 

O 

•H 

0 

45 

00 

CO 

0 


M 


j-i 

•H 

' — / 


£ 

CO 

0 

1 — 1 

H 

Q) 

4J 

• 

00 


4-J 



>> 


Q) 



CO 


CO 

0> 

• 

CO 

a) 

CO 

rH 

4-1 

X 

X 

0 

QJ 

Q) 

X 

rH 

4-1 

CO 

u 

4-J 

o> 

d 


QJ 

0 

X 

4-J 

QJ 

QJ 

c 

H 

d 

cd 

P. 

4-J 

41 

rH 

d 

CN| 


Q> 

4-J 

d 

•H 

CO 

o 

0) 

cd 


cd 

QJ 


QJ 

cd 

cd 




0J 

u 

d 

A 

U 

4-4 


CO 

42 

0 

cx 

0) 

rH 


00 

d 

*H 

4-J 

OO 

4-4 

00 

QJ 

4-J 

H 

QJ 

45 

cd 

o 

cd 

o 

b 

42 

<D 

•H 

4*2 

42 


rH 

4-J 

d 

CJ 

rH 

a 

o 

00 

4-J 

4J 


4-J 

U 

cx 

X 


cd 


a) 

X 

•H 

d 

CO 

rH 


QJ 

B 

H 

J-i 



CO 

• — i 

a; 

qj 

*H 

1 

a> 

4-4 

> 

0 

CO 

O 

d 

d 

d 

rH 

u 

S 

d 

QJ 


O 

O 

0 

a) 

4-1 

00 

cd 

4-1 

cd 

CX 


0 

QJ 




CO 

•H 


5 


d 

4-J 

*H 

CO 

X 

42 

4J 

CO 

CO 

X 


QJ 

0 



0) 

QJ 

Q) 

CO 

4-J 

p. 

0) 

aj 

d 

4*2 

u 

rH 

Q) 

X 

4-J 

U 

4-J 

Q) 


0) 

x 

X 

cd 

d 

a> 


42 

d 

cd 

d 

a 

rH 

4-J 

o 


d 

cd 

£ 

CO 

4-J 

cd 

e 

QJ 

Q> 


cd 

d 

4J 

» — ) 

4*2 

4-J 


4-J 



•H 

•H 

rH 

>> 


o 

d 

a 

d 



*H 

rH 

1 

X 

O 

Q> 

rH 

4-J 

o 

•H 

* 

cd 

rH 

a) 


«H 

QJ 

0 

•H 

CO 

4-» 

cx 


o 

QJ 

4-J 

iH 

42 

4-4 

cd 

Q) 


4-4 


42 

QJ 

0) 

Cx 


cd 

4-J 

O 


N 

cx 

4-4 

CO 

00 

O 

4-1 


X 

a 



u 


cx 

(U 

cd 

*H 

d 

cd 

0) 

d 

*H 

#* 

a> 

QJ 

0 

Q) 

cd 



r — 1 

0 

X 


cd 

CO 

d 

CO 

CO 

4-4 

42 


d 


(0 

0 

•H 

4-J 


cd 

oo 

d 

d 


4-J 


0 

4-J 

QJ 


id 


4*2 

4^ 

H 

cd 

cd 

X 


• 

•H 

cx 

rH 

d 

4-1 

d 


CO 

a 

a 

QJ 

d 

QJ 

CO 

QJ 

43 

rH 

cd 

o 

cd 

QJ 

a; 

0) 

o> 

CO 

00 

• 

CO 

a 


cd 

a 


4-J 

42 

X 

45 

4> 

d 

•H 


QJ 

d 

X 

5 


CO 


4-J 





0) 


V-4 

0 

iH 


•C 

4-J 

4-1 


4*2 

4J 


rH 

QJ 


& 

u 

d 

X 

CJ 

rH 

o 


d 

4 : 

rH 

t — 1 

X 

4-J 

e 


0 

QJ 

cd 

d 


rH 

cd 

00 

d 

OJ 


cx 

0 

X 

? 

d 

<D 

CO 

CO 

d 

4-J 

H 

0 

42 

4*2 

QJ 

0 

QJ 


OJ 

a) 

0J 

o 


aj 


CO 

d 

O 


d 

4-J 

4-1 

j-i 

M 

cx 


rH 


4-J 


cd 

d 

J-I 

QJ 

•H 

4-J 

o 



a 

cd 


O 

a) 

4J 

0 

QJ 

4-4 


*H 

4-1 

a) 

4-* 

V4 

a) 

d 

00 


0 

42 

4-4 

QJ 

4J 

42 


H 

OO 



cd 

iH 


00 

•H 

CO 

CO 

4-J 

4-J 

V 

CO 

(1) 

<d 

X 

rH 

cd 

rH 

•H 

4-J 

d 

d 

4 : 


•H 

0) 

4-J 

CO 

QJ 

OJ 

u 

rH 

42 

CO 

cd 

d 

ob 

00 

CO 

X 

d 


4-J 

CO 

00 

cd 


1 

QJ 

0 

a) 

•H 

d 

cd 


*H 

a) 

O 

d 

QJ 

? 

QJ 

Q> 

a) 

■H 

4^ 

4*J 

d 

42 

QJ 

4-1 

4-J 


42 

QJ 

45 

42 


CO 


d 

o 

4-J 

rH 


d 

X 

4-J 

N 


4-J 


d 

0) 

cd 

d 


Q) 

4-J 

H 

QJ 





4*2 


42 

4-J 


>> 

CO 

42 


d 

O 

QJ 

rH 

X 

d 

x 

4-J 


a) 

rH 


00 

QJ 

QJ 

4-J 

£ 

d 

QJ 

cd 

a> 


iH 

42 

a) 

CO 

*H 

42 

4-4 


•H 

CO 

4-J 

4-J 

J-I 

cd 

4-J 

4-J 

cd 

OJ 

4-J 

4-4 

X 


cd 

d 


cd 

o 

u 


cd 

5 

5 


*H 

QJ 


B 

CO 

a) 

•C 

rH 

4-J 

oo 

J-I 

b 


E3 

u 

4-J 

4-J 

• 


o 


0) 

o 

H 

4-J 

0 

CO 

d 

CO 

4-J 

4-J 


CX 

4-J 

4-J 

p-< 

X 

cx 

d 

U-t 

1 

43 

d 

CX 

cx 


cd 

42 

d 


0 

0) 

s 


QJ 

*H 

0 

Q) 

QJ 


j-i 

00 

•H 



0 

*H 


X 

J-4 

H 

a 

a 


4-J 

•H 

d 


cx 

d 

d 


cd 

4-J 

00 

d 

d 


x 

a) 

o 


p4 

0 

xl 


•H 

4-J 

QJ 

0 

0 


QJ 

> 

d 


cd 

a 

B 


43 

cd 

J-l 

a 

0 


790 


AFT TANK WEIGHT 



Figure 16 









DOME SHAPE STUDY 




CM 



o 



03 



03 


0) 

•H 


£ 

rH 

•H 



6 



cd 


• 

CM 


<D 



> 

r-t 


•H 

cd 


4-1 

i-i 


a 

0) 


a> 

3 


-t— j 

0) 



60 


O 

0) 


X 

jd 


a> 

4-4 


4J 



3 

X 


4J 

3 


CO 

cd 


0) 

0) 


4d 



4J 

o 



X 


4d 



4J 

rH 


t4 

cd 


£ 

CJ 



*H 


0) 



O 

a) 


3 

.3 


3 

P< 


*H 

CO 





cu 

g 


6 

3 

r^. 

H 

o 

a 

Jd 

cd 


a 


3 

•H 

a> 

u 


V4 

& 

x 

cu 

cd 

•H 

4-1 


U* 

cd 



3 

3 


«H 

4-» 


cd 

CO 


> 



ax 

CO 



•H 


0) 

X 


u 

4J 


3 



> 

3 



•H 


03 



3 

X 


O 

3 


•H 

X 


4J 

3 


cd 

H 


M 

CJ 


3 

3 


60 

•H 


•H 



CM 

03 


3 

3 


O 

o 


a 

•H 



4-1 


a> 

cd 


e 

u 


o 

o 


X 

60 



•H 


60 

CM 



3 


•H 

o 


CO 

cj 


t 

0) 


o 

4-1 


u 

cd 


r* 

X 



•H 



x 

3 



3 

o 







•o 






r-N 










a> 




3 





m 

1 

4-4 








X 




3 




3 


4J 

3 

CJ 



X 

3 




4J 





3 



3 

E 

CM 

O 

3 


3 

4J 

*H 

U 







3 

•H 




o 


a 

Jh 


3 

o 

4d 

o 



•* 




60 





M 

X 


•H 


60 

43 

4-1 

CM 



CO 

i 



•H 

X5 





3 

nd 


•H 






cd 

0 

o 



3 

3 



m 






3 

CM 

u 




03 



3 

4-» 


iH 

o 



M 

3 


3 

*H 

o 

3 



H 

a 

cd 


nd 

O 


3 

a) 

• 


O 

3 


XI 


CM 

4-4 



03 



3 


nd 

JZ 

3 


CM 

g 



nd 


CM 



X 

CO 

CO 



XJ 


•H 

u 

3 CO 


•H 


CJ 

3 

X 

3 


CO 

*H 

2 

•H 

cd 


3 

3 


O 


3 

g 

/— N 

3 


O 

> 

3 

3 






3 

O 



a) 

3 


a 

•H 


O 

rH 

3 

U 




03 



U 

o 


O 

c 

3 

CO 


g 



O 

3 

3 


4_» 

3 

e 

Td 




4-J 

to 

U 

• 

X 


a 

> 


4d 


CM 

o 

o 

3 


rH 

3 




4-4 

o> 

N-/ 

3 


3 

3 

O 



03 

•H 

X 

3 


3 

3 


X> 

XI 

3 

rH 




g 

•H 

3 

X 


i— j 

4J 



>-» 



3 

e 


CN 

4-4 



•H 


rH 

3 



u 

rH 



60 



3 

<u 

XJ 


CM 

O 


3 

4-J 

3 

3 


03 

0) 

cd 



3 

3 



e 

3 

«» 

3 

»M 


•H 

3 


3 


X 


X 

03 


4J 

*H 


rH 


•H 

AJ 

U 



g 

3 

3 



4-4 

■H 

•H 

» — 1 


3 

3 


3 

>> rH 

3 

CJ 

XI 



g 

3 

X 



X 

O 

60 


•H 



T3 

rH 

CU 

3 

U 

3 


3 

3 

S 

3 


£ 


u 

3 


3 

rH 


*H 

c 

CU 

■M 

X 

3 


4d 

U 


3 


o 

a 

o 

cd 


O 

3 


O 

o 

3 


3 

•H 


4-J 

a 

3 




o 

4J 



3 

3 


3 



3 


cm 



3 

J-i 

3 


£ 

o 


03 



3 


CU 


3 

g 

3 

3 


CM 

•H 

3 

4-4 



X 

0) 

H 


3 



*H 

• 

X 

3 

O 

XI 


O 


rH 

iH 


o 


rC 



r3 

CJ 


rH 

3 

4-4 

rH 





4J 

*H 

3 


Jd 

x 

H 

a 


u 

•H 


rH 

3 


O 

4-4 

3 


3 

jd 

3 

3 


CO 

3 


3 



3 


3 

P 

60 

> 

CJ 



rH 

60 cw 

3 


cd 



• 

CM 

3 



3 

3 


3 

3 


3 

•H 


U 


g 


• 

3 

o 

Jd 


CM 


•H 

4-J 

CM 

S 


XI 

3 

U) 



c 

iH 

03 


M 




O 

3 

3 

3 

CM 



O 

? 

<U 

3 


•H 

cd 

U 

03 

3 

u 

3 



CJ 

•H 

3 

3 

3 


E 


03 

3 


4-» 

3 

3 

*3 

4-» 

3 

^d 


3 

3 


4-4 


3 



X 

•H 

3 


cd 

o 

4J 

-U 

3 

4-> 

H 


60 cm 

g 

3 

3 

O 


rH 

3 

S 

X 


u 

•H 

cd 


> 

3 



3 


O 

3 

Jd 

•H 


3 

X 


4-4 


3 

X 

> 

>> 

U 

g 



3 

3 

CJ 

O 

4-4 

4-J 


H 

X 

e 



60 

*H 

u 

►P 

3 

3 

• 


U 

3 


a 


U» 


3 

3 

o 

g 


*H 


3 


U 

*H 

3 




U 


3 

O 


4-4 


> 

o 


m 

a 

CJ 

Td 


nd 

*H 


3 

X 

O 

3 

3 

CU 


CJ 

3 


M 


3 

6 


0) 

cu 


3 


-M 

3 

CM 


3 

o 


3 

X 

<u 

CM 


o 


«M 

3 

o 

3 

>> 


3 

3 


u 

3 

u 


U» 

4-1 

X 



cj 

03 

o 

•H 

o 

60 

rH 


rH 


*3 

o 

3 

cu 


4-4 


H 

X 



X 


CM 

X 

Ui 

3 


a. 

•» 

3 

CM 

3 



3 

3 


3 


03 

U 

i-C 

03 


3 

3 


g 

3 

3 



3 



3 


4-4 


6 


•H 

nd 

60 

iH 

3 


o 

e 

3 

X 

O 

g 


60 *H 

• 

CJ 


o 

,3 

X 


3 




o 

3 


3 

4-4 

o 


c 

CM 

X 

3 


X 

4J 

«d 

CO 

•H 

3 

3 



rH 

3 

4-J 


nd 


•H 

3 

3 

rH 



o 

u 

*H 


^d 

X 


3 

o 

•H 

3 

g 



4-4 

X 

U 

3 


rH 

X 



M 

4-4 

4-4 


X 

> 

U 

rH 

3 

g 


a 


3 

3 


cd 


•H 

CO 

3 




4-4 


3 

3 

U 

3 


3 

O 

X 



cj 

c 

«d 

3 

> 

o 




rH 

4-4 

a 

60 

g 



4-J 

•H 

3 


*H 

•H 

3 



4-4 

o 


XJ 

3 

•H 

rH 

O 

•rH 


4-4 


3 

3 


U 


O 

o 

3 


CM 


3 

3 

U 

3 


■U 


3 

3 

3 

S 


03 

03 

-H 

4J 

-o 



N 

H 

U 

u 

P-. 

CU 


3 

3 

O 



rC 

U 

X 


'tJ 

3 

XJ 


>> 

3 




o 


o 

O 

a 

3 


CU 

3 

“H 

a) 

3 

XJ 

3 


rH 

4-4 

3 

3 

H 



O 

•H 


CU 


CO 

4J 


JC 

3 

3 



3 

3 

P 

U 

W 

3 



4J 

3 

3 


•H 

cd 

03 

H 

O 

3 


3 

•H 

3 

3 

C/3 

Jd 


CM 

3 

u 

X 


0 

> 

0 


3 

CU 

XJ 


3 


rH 

S 

C/3 

H 


o 

rH 

3 

3 


03 

u 


U 

3 

•H 




*H 


< 




o 




X 

3 

X 

• 

3 

3 

3 


^d 

4J 

3 

3 




nd 

3 

3 

3 


03 

a 

a 

CO 

4J 

U4 

3 


o 

JC 

CM 

4-1 

3 

• 


3 


3 

g 


■ 

id 

3 

3 

U 

O 


•H 

60 


X 

X 

3 


4-J 

CJ 

3 

O 


X 

«M 


H 

> 

O 

a 



•H 

3 

60 

4-4 

O 


3 

•H 

3 

X 


H 

o 

cu 

O 

U 

O 



> 

3 

3 

•H 


•H 


•H 

4-1 

3 





o 

4-1 

3 


3 



S 

3 

3 

o 

3 


3 

3 

U 

4-J 



•H 

o 


O 

u 

3 




•H 

> 

4-4 

3 


3 

4-J 

4-J 

3 


CO 

•H 

X 

3 


3 

£ 


3 

H 



3 

•H 


O 

3 

3 

3 


X 


CM 

4-1 



•H 

•H 


A* 

•H 

g 

m 

CJ 



4d 


03 

g 

cd 

60 

*Td 

o 

3 

3 


3 

3 

3 

3 



/T~N 



60 

3 


u 

3 

3 


a 

o 



•3 

O 

3 

4-4 

3 

CJ 


O 

3 

• 

vj 


•H 

3 

3 

3 

•H 


H 

4-4 

> 

4-4 

3 

60 

o 

3 

C/3 

•H 

X 

3 

X 

u 

PH 

3 

*H 

4-4 


3 




Cu 

3 

Q 

•H 

O 

X 

H 

3 


c 


CU 

•H 

Td 

3 


3 

3 

3 

• — 1 

3 

3 


3 

« 

3 


•H 

r~1 

cd 

*T"1 

«3 

•d 

3 

nd 


N 


3 

3 

x: 

3 

iH 

H 


PH 

60 

3 


X 

4J 

> 

a 

3 


•H 




4-4 

4-4 



4-J 

rH 


• 

3 

W 

s H 

CO 



U 

3 

U 

• • 


CM 


o 

3 

nd 

3 

3 

3 


3 

4-4 

Q 

3 

(0 

iH 


3 

3 

3 

U 

3 

jd 

4J 

3 

3 

O 

3 

*H 

X 

O 

3 


o 

«d 

3 

iH 

4-1 

3 

U 

3 

XJ 

4-4 



O 

CJ 

3 

4-4 

3 

-H 


Q 

o 

jd 

U 

3 


3 

3 

3 


•H 

*» 


rH 



O 

3 

4J 

3 

M 



■H 

3 

3 

3 


•H 

XI 

> 

3 

3 

PH 

60 «H 

3 


3 

60 



03 

H 

O 

3 

U 


g 

3 


4-> 

4J 

3 

3 

3 

X 

3 

60 *H 


X 

6 

3 

•H 

•H 

a 

3 

*H 

3 

X3 

3 

3 

cu 

•H 

3 

3 

3 

•H 

3 

c 


o 

jd 

Td 

*H 


X 

iH 


3 

nd 

XJ 


4-4 

■H 

O 

3 

4-4 

3 

cd 

x 

T3 

cu 

*H 

3 

*H 

4-J 

3 

3 

•H 



4J 

3 

CM 

CJ 

U 

3 

X 

0) 


3 


3 

3 


M 

X) 

rH 

3 

3 

3 

H 



X 

3 


t— 1 

N 

« — 1 

3 

3 

3 

• M 

cu 

3 

cu 

•H 

•H 

3 

3 

3 

X 

a 

> 

rH 

cd 

•H 

cd 

3 

e 

X 

J* 

3 


3 

P. X 


4-J 

CU 

£ 

3 

3 

3 

rH 

T3 

U 

nd 




3 

3 

< 

x: 

3 

4-4 

H 

3 

O 

3 

g 

•H 

3 

•H 

03 

•H 

CM 

4-J 

3 

4-J 

60 













o 

CO 

4J 

CJ 

O 

CO 

O 

3 

3 

e 

3 

•H 

3 

4-J 

• 







• 





cx 

cd 

a 

nd 

4J 



3 













■H 



3 

3 
















rH 

cd 

iH 

3 

3 


rH 

O 













rH 

4= 

•H 

O 

O 


3 

5 













03 

a 

03 

CU 

U 


O 

C 














792 






E? Q_ CJ> 


CO 21 


CO i ■ i 


D lu Q 

<C ^ - 
C£ O ^ 
I— Q £j 


h- Qi ^ 

O LU — > 

D Q- Zj 
Q O O 
DC > 
0 CL 

O . Q 





793 


Figure 17 


DOME SHAPE STUDY RESULTS 


00 


a) 

V4 

3 

oo 

■H 

Pn 


m 

4-4 

c 

<u 

to 

<u 

<=u 

"d 

C 

to 


to 

<— J 
nj 

e 

cO 

>-■ 

to 

c 


a> 

J-i 

cx 

to 

x: 


o 

to 


3 

to 

<u 

M 

<u 

x: 


u 

oj 


a> 

VJ 

fU 

u 

3 

00 


to 

iH 

X 


o 

o 


to 

)-l 


0) 

£ 


p 

o 

pu 


I 

o 

a 

G 


co 

toO 

•H 
> 
cO 
CO 

X 

tob 

•H 
CU 
£ 

<u ^ 

•8 S 

« s 

•H 
Td 

G 
•H 


T3 

a) 

p 

a> 

Td 

X 

CO 

g 

o 

o 

CO 


G 

G 

(l) 

X 


g 

o 

G 

a) 

X 

£ 

Pi 

<u 

X 

a) 

0 

Cd 

Pi 

cd 

CP 

d> 

0 

o 

Td 

Td 

a) 

x 

cd 

x 

cj 

O 

CO 

CO 

cd 

Td 

G 

cd 


X 

60 

X 

<U 


Td 

a 

cd 

4-1 

X 

toO 

X 

0) 

S 


CO 

<D 

£ 

o 


<U 

X 

x 

CO 

cd 

X 

G 

toO 

X 

CO 

<u 

Td 

Q) 

0 

o 

Td 


cd 

Td 

X 

O 

CO 

Cu 


0 ) 


a a) 

toO x 
t-4 X 
CO 
<U 

Td CO 


0 

e 


CP 

o 

a) 

x 


i — ! 





4-1 

• 


cd 

o 

<U 

X 




X 

d) 

CP 


•H 

4-1 


o 


cJ 

cd 


Pi 





cu 

X 


<u 

ft 


u-» 


•n 

CO 


X 

Td 


CNl 


X 



cu 

<u 


cx> 


o 

d) 


CO 

p 


• 


a) 

0 


•H 

cd 


r-4 


o 


0 

cu 

H 

' — ' 


X 

Td 

• 

<D 

0 

a) 



X 


CO 

X 

o 

X 

B 



X 

d> 


a 

cd 

X 


CO 

CO 

•H 

0) 


£ 



•H 

d) 

Td 

X 

0) 

X 

4J 



X 

G 

4-1 

p 

X 

cd 


CJ 


X 


cd 

o 

<u 


o 

d) 

CO 

Pi 


p 

co 


Q 

X 


<D 

co 

CP 




X 

p 

> 

g 

CP 

o 


G 


<u 

O 

too 

cd 



d) 

CO 

X 


*H 


m 


X 

X 

X 

•P 

CO 

CO 

oo 


£ 

CJ 

p 

G 

CD 

•H 




d) 

3 

<u 

Td 




CU 

X 

4-4 

o 


X 

o 


too 

cx 


p 

o 

Cj 



cd 

d) 

So 

<u 

£ 

X 

4-i 


X 

P 

CJ 

cp 

X 

X 

o 


C 


cd 



> 



cd 

G 


o 

a) 


u 


> 

00 

P 

CM 

X 


o 


Td 


o 


4-> 

✓ \ 

Q 


cd 

CO 

X 

> ■» 






d) 


X 

toO 

0 

cd 


d 

Td 

G 

<U 

c 

X 



> 


o 

4J 

X 

rH 

o 


•H 

r — 1 

•H 

53 

CO 


> 


CO 

cd 

X 

0 

3 

VO 

cd 


•H 

Td 

cd 

X 


i“H 

X 


U 

•H 

p 

X 

CO 

lo 



d) 

O 

D 

o 

4-1 


CO 


Td 

CO 

toO 

p 

x 


c 

• 


CP 

•H 

Cu 

toO 

toO 

too 

Td 

cd 

•H 

4-4 

CP 

X 

X 

*H 

<u 


rH 

G 

cd 

0) 


CO 

P 

Td 

rH 

O 

Td 

5 

CO 

Q) 

a> 

Td 

<D 

Td 

d) 

CJ 


cd 

&> 

X 

CO 

CU 

Td 


CO 

>> 

X 

cd 

G 

cd 


X 

g 

cd 

X 

0 ) 

x 


tj 

c 

cd 


toO 

G' 

•H 

X 

X 

toO 

•H 

(U 


o 

PQ 


CO 

G 

O 

a 

CO 


<y 

£ y 
o X 
Td too 


P 

o 

CM 

4-1 

cd 

g 

too 

*H 

CO 

0 ) 

Td 


•H 

O 

P 

O 

X 


e 

o 

•w 

4-> 

u 

1- 

00 

•H 

CO 

0) 

Td 

« — 1 
cd 

Td 

•H 

O 

•H 

CU 

d) 

G 

neither 

X 

X 


3 

3 

X 

CO 

CO 

Cu 

cd 

• — i 

toO 


tt-t 

CU 

t 4 

CP 


•H 



X 

iX 

p 

A 

d) 


4-1 

x 

rH 


CO 



o 

too 

d) 

cd 

X 

| 


QJ 

»i4 



X 

e 


*•“> 

i— H 

Q) 

rH 

G 

G 




X 

cd 

CO 

0 


O 

cu 

X 

X 

d) 

•H 



X 


o 

p 

G 


a) 

X 

G 

X 


•H 


JZ 


cd 


a) 

0 


4-4 

CO 

X 

cd 

CO 



•H 

X 


d) 

0) 


to 



G 

X 

X 


tH 

G 

u 

d) 

X 

X 



toO 

d) 

X 




o 

•H 

X 

> 

C 

p 


o 

CO 

X 


o 

<u 


Q 

cu 

toO 

/ — V 


> 



Td 

•H 

• 

Td 

o 


d 


rH 

X 

a) 



Q) 

i — i 


0 

co 

X 

G 

G 


cd 

Td 

X 

C 

c 

cd 

pq 

cu 

toO 


•H 

cu 

1 


u 

•H 


O 

u 

X 


P 

CO 


P 

p 

cd 


a) 

cu 


o 

d) 

0) 


CP 

Td 


X 

CP 

CO 



a> 

X 


p« 

a 

> 

X 

P 

td 

<u 

X 


■§> 

X 

<U 

Td 

cd 

d) 

X 

g 

■§ 


co 

cd 

0) 

u 

0 ) 

X 

3 


G 

o 


0) 

G 


a> 

co 

cd 

x 

d> 

X 


CO 

cd 

Td 

QJ 

X 

o 

cu 

rH 

0) 

CO 

CO 

cd 

5 

Cl) 

6 
o 
nd 


cd 

Td 

X 

o 

co 

CP 


a) 


794 



DOME SHAPE STUDY RESULTS 



795 


I 


Figure 18 











NONINTEGRAL TANK EXTERNAL FOAM INSULATION 
(Figure 19) 
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The aircraft using this candidate FCS weighed 175 900 kg (387 800 lbm) and cost $39.1 million 
based on a fleet size of 350 aircraft. 
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CONCLUSIONS 
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length must change to provide the required fuel volume within the fixed fuselage cross-section 
and hence the sensitivity on the aircraft DOC could be assessed. Using this technique, the results 
of the various designs and parametric investigations could be defined in terms of airplane weight 
and DOC, hence, these factors were used in the evaluation procedure to assist in screening 
attractive candidates. 
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Figure 23 
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EXTERNAL INSULATION FOR LIQUID HYDROGEN TANKS 
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Certain commercial materials are identified in this paper in order to specify adequately which 
materials were investigated in the research effort. In no case does such identification imply 
recommendation or endorsement of the product by NASA, nor does it imply that the materials are 
necessarily the only ones or the best ones available for the purpose. In many cases equivalent 
materials are available and would probably produce equivalent results. 
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change) and show obvious evidence of distortion were the polybenzimidazole (PBI) and the 
polymethacrylimide materials. The PBI was found to be an open cell material and not suitable 
for this application. The polymethacrylimide (made by Rohacell) was picked as the prime insulation 
for this application. 
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much more than the unreinforced side. Furthermore, the reinforced side had a great deal of frost 
on it and it was concluded that the fiberglass reinforcement degraded both the thermal and structural 
performance of the foam. In contrast, vapor barriers, while not improving the thermal performance, 
apparently improved the structural integrity since the insulation specimens without a barrier cracked 
while the insulation systems which had barriers did not crack. 
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Figure 17 



FOAM TEST RESULTS (316 K (110°F) MAXIMUM TEMPERATURE) 
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FOAM TEST RESULTS (3I6K (IIO°F) MAXIMUM TEMPERATURE) 
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analyzer and MITAS, a lumped parameter finite difference program, will be described. Next, some 
finite elements developed for convectively cooled structures will be described. Then, some 
comparative analyses made to evaluate the convective finite elements will be presented. Finally 
some methodology areas which need development will be identified. 
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Figure 2 


AERODYNAMIC HEATING DISTRIBUTIONS 
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Figure 7 
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Figure 8 
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Figure 15 
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Each finite element model is efficient for the respective analysis. However, there is a lack of 
compatability between the models because: (1) the thermal analysis does not directly produce the thermal 

loads required for the structural analysis, and (2) the structural model utilizes different node 
locations and elements than the thermal model. Thus, this example illustrates that there exists a 
need within finite element methodology to improve the compatability between thermal and structural 
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Figure 19 
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Figure 20 
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jointly with temperature and time; the capability to model radiant heat transfer between surfaces 
is being added to the thermal analyzer. The need for the time and temperature-dependent 
capability resulted from the fact that certain insulation materials have voids and the pressure 
of the gas in the voids varies with time during a vehicle trajectory. Consequently the thermal 
properties of the insulation vary with flight time as well as insulation temperature. 
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Figure 



NATIONAL TRANSONIC FACILITY 
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The thermal stress analysis revealed that some of the support rings were overstressed 
and these rings were resized. It was estimated that as a result of performing the thermal and 
structural analysis in the same program, about 10-15 man days of engineering effort were saved — 
principally from not haying to manually transfer temperatures from a separate thermal analyzer to 
the structural analysis. 
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THERMAL STRUCTURES - DESIGN CONSIDERATIONS AND CONCEPTS 
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programming with constraints on temperatures at points in the structure and on stresses in the 
structural elements. The mathematical programming method is facilitated by the general-purpos 
optimizer computer program AESOP (ref. 8). 
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PARS (PROGRAM FOR ANALYSIS AND RESIZING OF STRUCTURES) 
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• MODULAR AND FLEXIBLE 

• GOAL-EFFICIENT GENERATION OF DESIGNS 

FOR COMPLEX STRUCTURES 
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DEVELOPING INTEGRATED THERMAL-STRUCTURAL ANALYSIS CAPABILITY 
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LARGE PROBLEM DESIGN CAPABILITY BEING DEVELOPED IN PARS 


SYMBOLS 
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coefficient of thermal expansion 



niieuscone, *. l>. : b/’AR Structural System Reference Manual, NASA CR-145098, 1977. 
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